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Abstract The Idaho National Engineering Laboratory and the Naval Civil Engineering
Laboratory (NCEL) participated in an advanced transformer demonstration and validation pro-
gram. The key objectives of the Advanced Transformer Demonstration and Validation Proj-
ect were to verify the operational characteristics of advanced transformer technologies, deter-
mine their applicability to Navy use, and provide NCEL with lessons learned in the installation
of these transformers at an active Navy base.

Ten new transformers were installed on the Naval Air Station (NAS), North Island, CA.
These special advanced technology units replaced polychlorinated biphenyl-filied units in and
around buildings onNAS, North Island. The new transformers included cast coil, amorphous
core, and vacuum pressure impregnated units. This report summarizes the experiences gained
during the NAS, North Island advanced transformer demonstration and validation project.
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ADVANCED TRANSFORMER DEMONSTRATION AND VALIDATION
~ SUMMARY REPORT BASED ON_EXPERIENCES
AT _NAVAL AIR STATION, NORTH ISLAND
SAN DIEGO, CALIFORNIA

1. INTRODUCTION

The ldaho National Engineering Laboratory (INEL) and the Naval Civil
Engineering Laboratory (NCEL) are cooperatively participating in an advanced
transformer demonstration and validation program. This task is part of a
polychlorinated biphenyl (PCB) Mitigation and Risk Management Assessment
Program being performed at the Naval Air Station, North Island (NASNI) in San
Diego, California. This report details the specific lessons learned during
the NASNI installations to date and addresses the advantages and disadvantages
of these transformers for Navy use.

As a part of this program, eight efficient, low-loss cast coil (CC) dry-
type transformers, one vacuum pressure impregnated (VPI) transformer, and one
low-loss amorphous core transformer were installed at the NASNI to replace
existing PCB-filled transformers. The specific advantages and disadvantages
of each type of transformer are discussed in the following sections.




2. BASE HISTORY

The electrical distribution system currently in operation at the NASNI
contains several hundred devices, several of which are filled with PCB-
filled/contaminated insulating fluid. The continued use of PCBs as a
electrical device insulating liquid was outlawed in late 1977, and the NASNI
is faced with retrofilling or retrofitting the remaining PCB devices
(transformers, capacitors, oil switches, and oil-filled circuit breakers).

The PCB transformers are installed in locations including pole mounts,
vauits, and various power distribution system locations; many transformers are
located near the ocean. Transformers near the ocean are sensitive
installations because of the hazardous location and the extreme environmental
risks associated with either transformer fires or leaks involving a PCB
liquid-filled device near or over the ocean. Most of the NASNI boundaries are
surrounded by water. The salt laden air is very corrosive to electrical
devices. These criteria were seriously considered during the replacement
process and new transformers were installied that greatly reduced or eliminated
the safety and environmental concerns associated with the older PCB-filled
units.

The INEL supervised the replacement and load consolidation of 13 PCB
transformers with 10 new advanced technology transformers during this portion
of the Mitigation and Risk Management Program. The locations and sizes of
these units are identified in Table 1.




Table 1.

Locations and sizes of transformers installed during the NASNI
Advanced Transformer Demonstration and Validation Project

Building

Units Removed®

Units Installed®

Comments

94

342
378

379
472
473
489

1-500 kVA PCB
2-112.5 kVA PCB

1-112.5 kVA PCB

1-1000 kVA PCB
2-500 kVA PCB

3-167 kVA PCB

1-1500 kVA PCB
1-112.5 kVA PCB
1-1500 kVA PCB

a. PCB

VPI

cast coil
am_rphous core
vacuum pressure impregnated.

1-750 kVA CC
1-300 kVA CC

1-112.5 kVA CC

1-750/1000 kVA CC 3

2-500 kVA CC
1-300 kVA VPI
1-1500 kVA CC
1-112.5 kVA AC
1-1500 kVA CC

existing PCB-filled unit.

2 for 3 replacement
01l switches removed

1 for 1 replacement

for 3 replacement

1 3¢ for 3 1¢ replacement
1 for 1 replacement
1 for 1 replacement

1 for 1 replacement




3. PROJECT SUPPORT AND ADMINISTRATION

The following sections detail several project support tasks and
administrative elements that were completed during this project.

3.1 Specifications

Two transformer specifications (EG&G ES-51333 Rev. B and ES-51334
Rev. B) were written by the INEL. Specification ES-51333 details the
construction and installation requirements for liquid-filled transformers, and
Specification ES-51334 details the construction and installation requirements
for cast coil and VPI transformer: Data sheets and design details for each
transformer installation were included in both specifications. This enabled
the INEL engineering team to make device selections that met the particular
facility needs and optimized the research element around which this project
was centered. The specifications required the manufacturer to perform some
nontypical factory testing on the new transformers, field testing on the old
transformers being removed, and field testing on the new transformers b.ing
installed to support the ongoing advanced transformer evaluation work. The
specifications are included in Appendix A of this report.

Appendix B contains the final acceptance testing reports of the ABB
Service Company 112.5 kVA amorphous core transformer, the National Industri
cast coil transformers, the Square-D 300 kVA VPI transformer, and transformer
schematic drawings.

3.2 Subcontracts

Three subcontracts were awarded during this project. Subcontract No.
€90-132540 was awarded to Square D Company for manufacturer and installation
of one 300 kVA VPI transformer. Subcontract No. (90-132708 was awarded to ABB
Service Company for manufacturer and installation of the nine remaining
transformers. Subcontract No. C90-132830 was awarded to Rollins Chempak for
destruction of the PCB fluid and transformer carcasses. All certificates of
destruction of the PCB fluid and carcasses were issued to the San Diego Public




Works Center (PWC). Appendix C contains operating and maintenance manuals and
product information for the trensformers and their supporting instrumentation.

3.3 Field Office

An INEL field office was established as part of the PCB Mitigation and
Risk Management Program before the transformer installations. This office
served as a common point for the manufacturers and their subcontractors to
coordinate activities with both the Navy PWC and the INEL and supported
coordination with other NCEL tasks being performed concurrently at the NASNI.

3.4 Quality Assurance

Quality assurance is a requirement during both the manufacturing process
and installation. The possible consequences of failures caused by poor
quality assurance can easily exceed the cost of a consistent quality assurance
program. The INEL performed a comprehensive field quality assurance
engineering program during the course of this project. The program included
supervision during factory testing, field testing, and installation of the new
transformers. This program verified that these objectives and specifications
of the retrofit program were adequately met.

3.5 Timing and Coordination

The INEL and NCEL were responsible for project and outage coordination
and planning. INEL and NCEL coordination for this project was minimized
because the contractors delivered a turn-key product. Thus, the riggers,
hazardous waste handlers, and installers were coordinated by the prime
contractors (manufacturers). The Navy PWC and INEL interfaced with the
manufacturers to coordinate the outages and installations.

A majority ov this project was conducted during the Persian Gulf Crisis.
This contributed significantly to the amount of planning required to complete
the changeouts without impacting Base operations. The INEL resident engineers
negotiated facility power outages with the Navy PWC and the manufacturers to




minimize the impact to the Base. The INEL resident engineers also arranged
base access and clearance for the manufacturers and their subcontractors.

3.6 Documentation

These installations removed and replaced PCB-filled devices with new
high efficiency, new technology transformers. The PWC has been notified, and
it is recommended that both the records of the PWC and the fire department
should be updated to reflect the removal of PCBs from these locations.

3.7 Security

Security is a major concern on the Navy Base. Compliance with security
measures is mandatory and requires a substantial amount of time. Security on
Base was increased substantially during the Persian Guif Crisis. Proper
procedures were followed to arrange for access and clearances for those
personnel performing the installations. Advance arrangements reduced delays
and made it easier for contractors to obtain access to the installation sites
on Base.

Some facilities have minimum levels of security while others are tightly
controlled. During this project, all operations went smoothly because of the
preplanning and communication with security personnel and the coordination
with the Naval Air Rework Facilities and PWC personnel.




4. HARDWARE INSTALLATION

4.1 Building 94

The Building 94 installation consisted of removing three existing PCB-
filled transformers (as identified in Table 1) and replacing them with two new
cast coil transformers. The three existina units were removed from
Building 94; they were located on an overhead mezzanine (Pad 2) approximately
35 ft above finished floor. This installation was performed beginning at 1630
hours on September 26, 1990, and concluded at 1630 hours on
September 28, 1990.

Before the outage, the new 750/1000 kVA cast coil dual rated outdoor
unit substation transformer with a new 15 kV primary fused switch was set in
place on a new concrete pad outside of Building 94. The contractor performed
as much electrical work before the outage as the job would allow. This
minimized the outage requirements for the installation.

The 750/1000 kVA transformer has a 2400 V/12000 V reconnectable primary
winding constructed using five sections. The five sections are connected in
series for the 12000 V configuration and in parallel for the 2400 V
configuration. Vertical busses mounted external to the coils are used to make
the series/parallel connections. High voltage taps are provided on the
primary 12000 V configuration only. The unit was installed in the 2400 V
configuration by extending the existing 2400 V feeder from the mezzanine to
the new outside location. The existing 2400 V distribution systems are
currently being upgraded to 12 kV by the Navy. The dual voltage transformers
make the transition from 2400 to 12000 V in the facilities more cost
effective. New secondary switchgear was also installed on this unit
substation to feed the existing loads and the new 300 kVA transformer. The
300 kVA transformer is fed by the 480 V output of the 750/1000 kVA
transformer. The secondary voltage of the 300 kVA unit is 208/120 V and will
be used to feed one existing 208 V panel and one existing 240 V panel. The
INEL addressed the option of providing only 208 V to the 240 V panel with the
San Diego PWC. The PWC stated that all existing 240 V loads would operate
acceptably at the reduced voltage.




This installation presented the contractor with several unique
difficulties. Most importantly, the existing PCB-filled transformers were
located approximately 35 ft over an aircraft rework facility. Extreme care
had to be taken to protect the adjacent aircraft and shop equipment from any
physical or environmental damage while removing the hazardous waste (liquid
and solid) and installing the new electrical equipment. In addition, with the
conflict in the Persian Gulf, the operations of this aircraft rework facility
were intensified. This placed added pressure on the construction crew to
minimize outage and installation time. Extensive planning was needed to avoid
problems and outage extensions that would have caused significant impact to
the facilities operations.

In spite of several interim problems that were encountered during this
installation, ABB Service Company was able to react quickly to the directions
of the Navy and the INEL field engineer to successfully complete the task.

4.2 Building 342

The Building 342 installation consisted of removing an existing
112.5 kVA PCB transformer and replacing it with a new 112.5 kVA cast coil unit
substation transformer with a dual voltage primary winding (2400 and
12,000 V). The existing oil fused cutouts were also removed and replaced with
a new 15 kV fused switch. This installation was performed beginning at 0600
hours on December 15, 1991, and concluded at 0600 hours on December 16, 1991.

The new transformer was initially installed in the 2400 V configuration.
The dimensions of the new transformer required that the concrete pad be
extended and the safety fence be modified. The concrete and fence work was
performed after the new transformer was energized. No other problems were
encountered during this installation.

4.3 Buildirg 378

The Building 378 installation consisted of removing three existing PCB
transformers in three different locations (pads 378-1, 378-2, and 378-6);




replacing them with three new cast coil transformers in two locations; and
consolidating power feeders.

The pad 378-1 installation is located in a vault and consisted of
removing a 1000 kVA PCB transformer and two PCB-filled voltage regulators and
replacing them with a 1000 kVA cast coil transformer and a 500 kVA
transformer. The transformer that was removed had a 2400 V primary and a
208 V secondary. The primary voltage to the vault was upgraded to 12 kV by
tapping into an existing pothead in pad 378-2. The new 1000 kVA cast coil
transformer was constructed as a unit substation with a new 15 kV fused switch
and 480/277 V secondary switchgear. The secondary of the new transformer was
480/277 V grounded wye. The 500 kVA cast coil transformer was installed in
the vault to step down the output of the 1000 kVA unit from 480 to 208 V. The
output of this second unit was connected to the existing 208 V switchgear.

The pad 378-2 installation consisted of removing a 500 kVA PCB
transformer and feeding the panel from the new switchgear on the 1000 kVA
transformer in vault 378-1. No new transfo: :r was installed at pad 378-2. A
local main disconnect breaker was retrofitted to the back of the existing load
panel, and new supports had to be fabricated to support the load panel that
was originally mounted directly to the PCB transformer. This load
consolidation reduced the power losses, reduced the transformer cost, and
provided environmentally safe and efficient power delivery.

The pad 378-6 installation consisted of a direct one-for-one replacement
of a 500 kVA PCB transformer with a new 500 kVA cast coil transformer. The
existing secondary switchgear and primary air interrupter switch were reused.
The new transformer was physically larger than the original unit; thus, the
concrete pad had to be extended. The size increase is common when liquid-
filled transformers are retrofitted with dry-type transformers. During this
installation it was noted that the insulation on the existing conductors
connecting the primary switch to the transformer was in poor condition;
therefore, the conductors were removed and new conductors were installed.

This installation required a great amount of planning. Very little work
could be performed before the outage because of the space limitations in the
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facility. The doorway entering the vault was slightly smaller than the
dimensions of the ¢1d transformer that was to be removed. Thus, the
contractor needed to cut one of the termination throats from the transformer.
A significant problem was encountered during this process. The contractor
failed to clean the inside of the throat before using the cutting torch. The
bushings inside the throat had leaked transformer fluid into the throat and
the fluid contained PCBs. The material began to smoke immediately after heat
was applied. The contractor was immediately stopped. The environmental waste
handling crew then cleaned the throat with solvent to remove the PCBs. Once
the throat had been cleaned, the PWC environmental office inspected the throat
and gave the contractor permission to complete the cut, which was completed
without further incident. The existing 2400 V feeder (three conductor lead
sheathed cable) to the old transformer in vault 378-1 could not be removed and
had to be capped and abandoned in placed. The contractor attempted to remove
the cable and could not pull it. The San Diego PWC stated that the cable
should be capped and abandoned in place.

4.4 Building 379

The Building 379 installation consisted of removing three existing
167 kVA PCB-filled, single phase, polemount transformers that were connected
in a three phase bank and replacing them with a single 300 kVA Square D
Company VPI dry-type transformer. This task also involved removing another
PCB-filled transformer from the roof of Building 379. The loads, which were
fed by this transformer, were then alternately fed using another existing
transformer. Ultimately, four PCB transformers were removed from the facility
and replaced with a single modern dry-type transformer. The Square D Company
hired a Tocal subcontractor (Chula Vista Electric) to perform the actual
removal and installation.

The new 300 kVA transformer is uniquely constructed with a dual rated
primary winding. The winding can be connected in a 2400 V or a 12000 V delta
configuration. The new transformer was installed in the 2400 V configuration
using the existing oil filled cutouts.
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The original installation was very congested. The three 167 kVA
transformers were paCked into a very confined space on an overhead wooden
mezzanine with 1ittle or no clearance for maintenance personnel. The new
transformer was constructed to slip into the installation without having to
modify the roof support structure. The new installation provides a clean
transformer enclosure design and small size, allowing adequate clearance
around the unit so maintenance can be performed on the unit. Installing this
unit involved an intricate rigging configuration that had to be well planned.
The installation went smoothly without incident.

4.5 Building 472

This installation is in a corrosive environment. The transformer and
primary and secondary switchgear are located between two stack assemblies.
The moisture and corrosives emanating from the stacks have caused extensive
corrosion to the existira transformer enclosure and the existing primary and
secondary switchgear.  task involved removing the existing 1500 kVA PCB-
filled transformer and repiacing it with a new 1500 kVA cast coil ventilated
dry-type transformer with future forced air provisions. Cast coil
transformers are extremely resistant to corrosives and are environmentally
inert; thus, the new transformer could be installed in the same location as
the old unit. New code requirements require a substantially greater distance
between the facility and a standard o0il-filled transformer. A new mineral-oil
filled transformer could not have been installed without performing
substantial facility modifications. The high efficiency cast coil dry-type
transformer was installed outside on the exiting pad without any facility
modification. This installation was performed on November 3 and 4, 1990, by
RBB Service Company and their subcontractors.

4.6 Building 473

The installation at this facility was delayed. The specification
detailed the design requirements of the new transformer; however, the
contractor manufactured the new extremely high efficiency amorphous core
transformer with the wrong secondary voltage. A new transformer was
manufactured and was installed on February 22, 1992. Building 473 was a prime
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candidate for an amorphous core transformer. The building was being served by
a 112.5-kVA PCB liquid-filled transformer that was lightly loaded.

The transformer no-load loss (core loss) remains constant at all levels
of transformer loading. The load loss, however, increases proportionally to
the Joading. Under lightly loaded conditions, the no-load loss comprises a
more significant portion of the total losses of a transformer. Building 473
is only occasionally heavily used and typically has minimal loading. The
extremely low no-load loss of the amerphous core transformer will reduce the
power consumption at Building 473 considerably. No problems were noted during
this final installation.

4.7 Building 489

The original 1500 kVA transformer feeding Building 489 failed and the
replacement was added to this project. Following the failure, the failed unit
was removed and a temporary 3750 kVA unit substation transformer was installed
by the Navy PWC. This unit provided temporary power to the facility until
this permanent replacement was installed. The existing 15 kV class primary
switch had been damaged during the transformer failure but had to be rebuilt
and placed back into service concurrent with installation of a new
transformer.

This installation began with the removal of the 3750 kVA temporary
transformer. The San Diego PWC removed the temporary 3750 kVA unit. A new
1500 kVA cast coil transformer was then installed by the ABB Service Company.
The new unit has a 12000 V delta primary and a 480/277 V grounded wye
secondary. The original 15 kV fused switch was rebuilt by the ABB Service
Company and placed back into service with the new transformer. The ABS
Service Company had not anticipated needing new fuses for the primary switch
and had to obtain them before the new transformer could be energized. No
other problems were identified during this installation.

12




5. TYPES OF TRANSFORMER CONSTRUCTION

Cast coil transformers provide an acceptable and preferable alternative
to PCB transformers. They are self-extinguishing and, therefore, offer high
levels of fire safety compared to liquid-filled transformers, they are
efficient, and they perform exceptionally in the corrosive environments common
to Navy installations.

Liquid-filled transformers have been used for severe duty applications
for many years. High fire point insulating liquids allow the use of liquid-
filled transformers in locations where there is a risk of fire. The most
commonly used high fire point liquid is commonly referred to as Askarel and is
primarily comprised of PCBs. Use of PCBs was outlawed in 1977 because of
health problems, primarily caused from the by-products of combustion of these
fluids such as furans and dioxins. Thus, alternative transformer types or
fluids must be used.

The primary alternatives for PCB-filled transformer replacements are
"less flammable” liquid-filled transformers (insulating liquids with a minimum
fire point of 300°C are classified as "less flammable" by UL and Factory
Mutual) and dry-type transformers. The first alternative, "less flammable"
liquid insulated transformers, is a good alternative but wiil not work in all
locations. For example, certain restrictions or requirements apply when
installing liquid-filled transformers. There are several currently available
"less flammable" transformer insulating liquids. They are typically high
molecular weight hydrocarbons. The second alternative is to use dry-type
transformers. "Less flammable" liquid-filled transformers are not an option
where vault requirements or fire codes restrict their use.

There are two general dry-type transformers to evaluate: standard and
CC. The standard dry-type transformers, open wound and VPI, are not designed
to withstand the stress, use, and physical abuse of a comparable liquid-filled
transformer. Issues such as temperaturc rise, basic impulse level, and short-
circuit strength are common weakresses of standard dry-type transformers when
compared to liquid-filled transformers. However, cast coil dry-type
transformers perform with ratings equal to or greater than those of comparable
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liquid-filled designs. The following characteristics of liquid-filled and
cast coil dry-type trarnsformers were compared:

. Basic impulse level

. Sound level

. Short time overload capability

. Weight

. Thermal rating (temperature rise capability)
. Load Tlosses.

In all cases, cast coil transformers met or exceeded liquid-filled
transformer parameters for these characteristics.

5.1 Cast Coil Transformers

Cast coil transformers are dry-type transformers with vacuum cast coil
assemblies. The manufacturers of cast coil transformers use two basic methods
of coil construction. One design uses fiberglass cloth to provide mechanical
support along with a thin layer of epoxy encapsulation. The other design uses
a thick layer of silica-filled epoxy to provide both the dielectric and
mechanical strength.

Cast coil transformers are available with both copper and aluminum
conductors. The aluminum units are somewhat less expensive to manufacture but
typically are larger and less efficient. The design that uses the thin layer
of epoxy requires that the coils must be cast in precision molds (i.e., they
require high quality control). This requirement for precision molds depends
directly on the design of the coils and adds significantly to the mold
fabrication cost. The manufacturers that use precision molds are typically
limited to building only the coils for which they have molds, and they
typically cannot build custom units. This is a problem for loss evaluated
units in which a larger amount of conductor is used in the coils to reduce the
resistive losses. The manufacturers that use the thick epoxy have more
flexibility because they can often afford to build a mold or use an existing
mold for a custom transformer if needed.
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These types of transformers are currently available with either copper
or aluminum windings to sizes of approximately 10,000 kVA.

For additional information on cast coil transformers refer to EG&G
reports EGG-2591, February 1990, Cast Coil Transformers Fire Susceptibility
and Reliability Study, and EGG-EE-8652, August 1989, Cast Coil Transformer
Summary Report Based on Experiences at Norfolk Naval Base.

5.2 Vacuum Pressure Impregnated/Encapsulated Transformers

Vacuum pressure impregnated/encapsulated (VPI/E) transformers are dry-
type transformers with coils that are impregnated (or encapsulated) with a
silicone, polyester, or epoxy resin while under vacuum. The resin is intended
to provide a barrier against moisture, dust, and corrosives and increase
overall coil insulation. The relatively thin resin coating does not provide
added mechanical strength as does the CC. The vacuum pressure encapsulation
process was specifically developed for the Navy to improve impregnation and
moisture resistance of the windings. This enabled the Navy to use high
voltage dry-type transformers aboard ships especially in the high moisture
environment. These types of transformers are currently available with either
copper or aluminum windings to sizes of approximately 10,000 kVA.

£.3 Liquid Filled/Amorphous Core Transformers

Liquid-filled amorphous core transformers are currently being produced
in industry from 15 to 2500 kVA. These extremely efficient transformers have
a significantly reduced magnetic loss characteristic. The only difference
between the typical and amorphous core liquid-filled transformer is in the
core construction.

Amorphous metals, developed and patented by Allied Corporation under the
trade name of Metglas, are a new ci2s, of metallic materials. Unlike other
metals or alloys of metals, amorphous metals do not have grain structure; they
are more characteristic of glass. When normal metals or alloys cool from the
molten state, the atoms arrange themselves into an orderly lattice of
crystals. The intercrystaliine boundaries play a major role in the hysteresis
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losses experienced by steel when subjected to the alternating current in a
transformer. In the Metglas process, an alloy of iron, boron, and silicon is
cooled at approximately 1 million °C/s. This rapid cooling causes the atoms
to arrange themselves in a random fashion as they do in glass, rather than in
the highly structured crystalline lattices found in metals. The end result of
this process is a material that, used in the core of a transformer, cuts the
no-load losses to about 25 to 40% of the losses of an equivalent silicon-steel
core.

For more information on Amorphous Core Transformers refer to NCEL
Report N-1801, August 1989, 25 kVA Amorphous Metal-Core Transformer
Developmental Test Report, and EGG-EE-8748, June 1991, Retrofill/Retrofit
Study of PCB Electrical Transformers U.S. Navy Public Works Center Pear]
Harbor, Hawaii.
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6. RECOMMENDATIONS AND CONCLUSIONS

.ne San Diego Advanced Transformer Evaluation and Validation Project was
completed successfully. It would be useful to consider these recommendations
for future transformer installation and operation:

. Provide on-1ine documentation and tracking for the replaced
transformers. This information must be provided to the PWC, the
fire department, and any other organizations who need it so that
their records can be updated to show that the hazardous wastes
(PCBs) have been mitigated.

A previous incider at the Norfolk Naval Base involved a PCB
transformer that had been replaced with a new transformer. The
new unit caught on fire, and the fire department would not enter
the vault to put the fire out because their records listed the
unit at PCB filled. The damage to the unit and vault could have
been reduced substantially if the proper records would have been
updated.

. Install cast coil transformers in environmentally sensitive areas
and areas with high power rates. They also are excellent for use
in facilities that experience cyclical loads where the
transformers are or can be shut down for long periods of time or
when varying loads are experienced.

. Evaluate amorphous core transformers when life-cycle costs
indicate that small increases in purchase price will be recovered
by the reduced losses of the transformer.

. Conduct a follow-on study on the VPl transformer installed in
Building 379. The operational data will provide the Navy with
verification of the performance of a VPI transformer in a shore-
based Navy application.
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. Thoroughly investigate the replacement sites for access, floor
space, and other interface requirements that could possibly cause
problems during the installation. Any findings should be pointed
out to the contractors before installation to minimize impact.

. Strictly monitor the installation schedule and coordination with
the PWC. Ensure that all aspects are properly scheduled and that
all needed resources and personnei are available.

. Strictly monitor the contractor to ensure that all areas are
thoroughly cleaned after the installations are complete and that
all materials and debris are removed from the job site.

The transformer installations illustrate technology evaluation,
operational performance, fire code compliance, and sizing. These types of
transformers each have their specific applications and advantages and serve as
excellent replacements for PCB-filled/contaminated transformers in Navy
applications. Each of the types of transformers demonstrated during this
project will provide the Navy with environmentally safe and efficient power
delivery alternatives to PCB-filled transformers.

18




Appendix A

Specifications

A-1




EG&G <A

TIav I3A5-A80

-

ES — 51333 Rev. B

DATE — May 4, 1990

SPECIFICATION

FOR

THE PURCHASE AND INSTALLATION OF LIQUID FILLED TRANSFORMERS
AT THE € AN DIEGO NAVAL FACILITY

PROJECT NO.

015341

Approved for Release:

- 4 » ”
T e g s
Engineenng Grapnics o
EG&G lgaho, Inc.

A-3




VEGZG an
3w £GAG- 1824 DOCUMENT APPRCVAL SIGNATURE SHEZT

v 2540

.2e or Ccecument jeccument Nc.

INGINEIRING SPEZIFICATION £3-327333

‘e

SPECIFICATION FOR THE PURCHASE AND INSTALLATION OF LIGQUID FILLZD TRANSFIRMERS
AN DIZ30 NAVAL FACILITY

(P
£
>
1)
9]
1
‘ 3
'j\
. >
Ay
)

repared By S

K3

nginated By 5.

(PRINT OR TYPE NAME iN SPACE
ABOVE SIGNATURE)

Approval and Review Signatures Organization Mail Acgress
INEL - POWER SYSTEMS
ENGINEZRING ;":5273;;,

INEL - Quality Engineering-

INEL - ELECTRICAL SAFITY 2 g
O A
5;4;:ys::: ............ NCEL- ES
. 7%_? PROGRAM MANAGER Szea

Revision A per DRR EGB}736

eETTET cy oncINERT Ny alaphines

_____ Un_s_,-g %_-.- oo e

i Lkl

-—- e e e m s Emm e o own - m e e —— -

-t

—-- Zevisien B per JRR £GB-7
Releasef‘ by Engineering Graphics

Apr & an

R Z a A AP PP, T

- ———— . —— - ——— — - —— -

- - an e = e - wn - —— - = m —--

- - - oy - . wn = e e e - -

- e am . - - — — —— - - - -

-------------------- A-4




1
A

£S-51333

Section

CONTENTS
Y 0] 24 SO
DD Y oY o « - T OO
1.2 APPTICADTITitY 't vttt i i i e i e
APPLICABLE DOCUMENTS ittt ittt ittt e itenenenrneaanennanns
2.1 American National Standards Institute (ANSI)...............
2.2 American Society of Testing & Materials (ASTM).............
2.3 National Electric Manufacturers Association (NEMA).........
2.4 National Fire Protection Association (NFPA)
[<ATT o X IR -8 4 1 A AR
T ) 4 1 T-3 oA
TECHNICAL REQUIREMENTS ittiiiitiiiiiieiereenerarorotenenannanns
I N 7Y -1 T Y
3.2 Electrical Products ..cvvieniiiiiiiieeeeononenneenocaanann
3.3 Condition of ProduCts ....ieviiniiiiiniieinoennnseonsanans
3.4 Uniformity «ovuienennrie ittt ittt ittt
3.5 Test Point Observation .......ciieiiiiiiniii it iiinnnnn,
3.6 Performance Requirements ..........ciiiiiiiiennirnnnnennnn,
3.7 Environmen‘al Conditions «....coiviiireneenernrannanasnnnnn
IO - I - Vol o - X3 o iU
3.9 Tank Cone JCLiON ..uiiiiriiiiiinenrnernenconnsoseansononns
K o = 1 1 g N
3.1]1 Miscellaneous Requirements......ccovvienerneinnrnnnenennonns
3.11.1 Insulated Phase Barriers........v.viiiieniennnnn.
3.11.2  Undercoating........cviviiiiinienennnnnenconasnnnn
3.11.3  Warning SignsS.. ...ttt ittt
3.12 Provisions for Fan Cooling......ccviviiiuiiiniinn i,
I 0 T X3 A 1T« O
3.13.1  Coolant Tests..ue i et iiinnianneanannanans
3.13.2 Factory Electric Tests ...coviniiniiiiiiininnnnn.
3.13.3  Field Tests. e iinieineeennonnsnaeennaeannsas
QUALITY ASSURANCE PROVISIONS . .oviiiii ittt tiice it ienannnn
PACKAGING v ittt ittt ittt e iaeeneenonsssasossaannenonnansnns
SUBMITTALS ittt it e i et ittt tacaeanateneaenanas
6.1 Shop Drawings and Manufacturer’s Data .....................
6.2 Certified Laboratory Test Data ...........viiiiii..
DEMOLITION AND CONSTRUCTION . oiiiiti ittt it ieiniieecaennnnnns
7.1 Demolition and Construction General Reguirements ..........
7.2 Draining ...ttt i e i i e e s
7.3 Transportation and Disposal ........ceeiiiiiniinennnaas

A-5

A-10

A-15




Mmoo om>

APPENDICES
Transformer 0ata Sheel .ottt ittt e it i A-25
Vendor Data Requirements List ..., A-53
Construction Details vttt e e e i e A-55
Spill Prevention. Control, and Countermeasures Plan ........... A-66
Switchgear Specification .......oiiiiiiiiiiiiiii i A-72

A-6




£5-51333

SPECIFICATION
FOR THE PURCHASE AND INSTALLATION OF
LIQUID FILLED TRANSFCRMERS AT THE
SAN DIEGO NAVAL FACILITY

1. SCOPE

1.1 Scope. This specification covers the design, fabrication, testing,
installation, and inspection of new liquid filled, power transformers and
the removal of the existing polychlorinated biphenyl (PCB) filled
transformers, handling of PCB fluid, and obtaining the permits required
for hauling hazardous waste. The intent is to make a turnkey replacement
with advanced technology transformers including any equipment needed to
replace the existing transformers. They will be used to provide the Navy
with performance data on these advanced technology devices.

1.2 Applicability. It is not the intent to specify details of design and
construction except where necessary to establish performance requirements,
nor is it intended to set forth those performance requirements, which are
adequately specified in applicable standards.

K11 components of the transformers shall function in a satisfactory
manner within their rated capacity under the specified service conditions
regardless ui whether all necessary specific performance requirements are
set forth herein or in applicable standards.

2. APPLICABLE DOCUMENTS
The following documents form a part of this specification to the

extent specified herein. The issue of a document and amendments in ef?ect
on the date of publication of this specification shall apply.
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2.2

£5-5:333

Amevican Natignal Standard Institute [INSTY,

ANSI-C57 12.

ANSI-C57 12.

ANSI-C57 12.

ANSI-C57 12.

ANSI-C57 12.

ANSI-CS57 12.

€2-1989

ANS1-C57-13

235.1

00

General Requirements for Liguid Immersed
Cistribution Power and Regulating Transformers

Requirements for Conformance Liguid Filled
Transformers Used in Unit Instailation including
Unit Substations

Conformed Requirements for Liquid Filled
Transformers Distribution Used in Pad Mounted

Installation, including Unit Substations

Terminology for Power and Distribution
Transformers

Test Code for Liquid Immersed Distribution, Power,
and Regulating Transformers

Test Code for Dry Type Distribution and Power
Transformers

National Electrical Safety Code

Requirements for Instrument Transformers

Specifications for Accident Prevention Signs

American Society of Testing and Materials (ASTM).

ASTM D S2-78

ASTM D-877

ASTM D-923

Flash and Fire Points by Cleveland Open Cup

Dielectric Breakdown Voltage of Insuiating Liquids

Sampling £iectrical Insulating Liquids
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2.3

2.4

2.5
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-
<
(&)
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3
[>S

ASTM 0-674

ASTM D-2225

ASTM D-3487

ASTM D-4652

£5-3:333
Power fFactzr and Dieleciric Constant
Neutralization Number

Water in Insulating Liquid

Methods of Testing Silicone Fluids Used for
Electrical Insulation

Mineral Insulating 0il Used in Electrical
Apparatus

Standard Specification for Silicone Fluid Used for
Electrical Insulation

National flectric Manufacturers Association (NEMA).

NEMA TRI-18974

Transformers, Regulators, and Reactors

Naticnal Fire Protection Association {NFPA) Publication.

NFPA 70

[EEE 400-1980

NEESA 20.2-028a

CPNAVINST 5090.1

29 CFR

National Electrical Code

IEEE Guide for Making High Direct Voltage Tests on
Power Cable Systems in the Field

PCB Compliance, Assessment, and Spill Control
Guide

Environmental and Natural Resources Protection
Manual

General Industry Safety and Health Standards
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50 CFR 283 tandards Applicable to Transporters of Hazardous
Waste

40 CFR 172 Hazardous Materials Tables and Communications

tangdards

49 CFR 173 General Requirements for Shipping and Packaging

40 CFR 781 Polychlorinated Biphenyls (1979)

PWC San Diego Utility Standards

California CAC

Title 22,

Division 4 Environmental Health

MIL-P-28641 Primer Coating, Vinyl Chlorine Acetate, Copolymer,
High Build (for steel and masonry)

MIL-Q-9858A Quality Program Requirements

3. TECHNICAL REQUIREMENTS

3.1 General. The transformers shall have low loss metal core and shall
be three phase, three-winding, fluid-immersed, self-cooled, dead front,

" suitable for installation indoors or outdoors, or as specified in the
individual data sheets in Appendix A. They shall have primary and
secondary compartments that shall enclose all termination devices so that
no live parts are exposed when the transformer is energized. Unit
substation transformer installations are exempt from the dead front
requirement. The transformer and installation shall meet ail applicable
requirements of the ANSI, ASTM, NEC, and NEMA publications as specified
herein. The transformer shall be of new construction. The successful
bidder shall be responsible for all field modifications and measurements
and provide installation and checkout, and turn the transformer over to
the operations department, PWC San Diego, through the EG&G ldaho, Inc.
Resident Engineer ready for operation.
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3.2 flectviral Dredyects,  A11 materials, appliances, egquipment, or

devices shail be new and conform to the appliceble stancards of the

Underwriter’s Laboratories, Inc. (UL) and appiicable chapters of the
National Electrical Code (NFPA 70), where such standards exist. All
materials. appliances, equipment, or devices shall be listed and/or

labeled by UL, where such standards exist.

3.3 (Condition of Products. Except as otherwise indicated, new electrical
products free of defects and harmful deterioration shall be provided at

the time of installation. Each product provided shall be complete with
trim, accessories, finish guards, safety devices, and similar components
specified or recognized as integral parts of the product, or required by
the governing regulations.

3.4 Uniformity. Where muitiple units of a product are required for the
electrical work, identical products shall be provided by t-e same
certified and approved manufacturer without variations except for sizes
and specific variations as indicated.

3.5 Test Point Observation. The successful bidder shall supply EG&G
Idaho with a flow sheet for the manufacture of each transformer indicating
all test points. The successful bidder shall notify EG&G Idaho, in
writing, of the date that each test will be conducted at least 14 days
before that test and will admit EG&G Idaho and government representatives

to witness the tests.

3.6 Performance Requirements. Each transformer shall comply with the
following performance requirements as specified in ANSI-C57 12.00, except
as noted in the data sheets in Appendix A.

Transformer Rating As specified in Appendix A.

Auxiliary Cooling Forced air provisions, fan mounts, and
temperature sensor access points as a
minimum shall be provided for future.
Refer to the data sheets in Appendix A for
special instructicns.
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Primary Voltage

Primary Connection

Frequency and Phase

Secondary Voltage

Secondary Connection

Insulating Liquid

£5-51132

As specified in Appencix A. Note special
duai voltage reguirements.

As specifiad in Appendix A.

60 Hertz, 3 Phase

As specified in Appendix A.

Wye connection with neutral to be brought
out through an insulated bushing with
external ground strap.

The insulating Jiquid shall be "less
flammable® as defined in the NFPA with
284°C minimum flashpoint and 312°C

minimum firepoint and shall have less than
30 ppm water content per ASTM D-4625. The
1iquid shall be as specified in the data

sheets; however, evaluated options of

"alternatives will be considered if they are

to the best advantage of the U.S.
Government.

Silicone liquid with 300°C minimum
flashpoint and 340°C minimum firepoint
and shall have less than 30 ppm water
content per ASTM D-4652. Askarel and
insulating liquids containing PCBs shall
not be provided.

or

The insulating liguid shall be RTEMP with
284°C minimum flashpoint and 312°C

minimum firepoint and shall have less than
5 ppm water content.
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Insulating Paper

Temperature Rise

Taps - No Load

Insulation Levels
Primary Voltage

Secondary Voltage

Core Material
(General)

£5-51333

There shall be less than 1% moisture by dry
weight in the paper insulation.

55°C per NEMA TRI-1974.

Minimum of five full capacity high voltage
taps (two 2-1/2% taps above and two 2 1/2%
taps below normal voltage and tap position
indicators).

95 KV BIL for Insulation Class 15 KV and 75
KV BIL for Insulation Class 5 KV. Based on
specific voltage ratings, which are in the
data sheets in Appendix A.

30 KV BIL for Insulation Class 600 V.  For
specific voltage ratings, see the data sheets
in Appendix A.

The core shall be constructed of low Toss
silicon steel sheets except where specified
as amorphous. The specific type of low loss
silicon steel is to be determined by the
manufacturer to meet the lowest total
operating costs and optimize no-load losses.
However, the intent of this replacement
program is to install advanced technology
transformers wherever it is economically
feasible. The use of amorphous metal, laser
etched steel, or other advanced technology
core material is encouraged in order to meet
Tow operating cost criteria.




Core Material
(Amorphous)

Impedance

No-Load Loss

£5-31333

The following applies tp these transformers

specified as amorpheus core. The transfcrmer

shall be constructed of low loss amorphous
metal. The complete core assembly shall be
fully encapsulated with a protective coating
of approved material to eliminate sharp edges
and prevent flaking particles from entering
the coolant during normal operation. The
no-load losses shall be less than 45% of
those no-load losses of comparable silicon
steel core designs. It is known that a wound
core is standard. However, a few of the
options in the data sheet specifically
require stacked core. This stacked core will
be treated as a research project to get a
"new" technology unit. The other amorphous
core device can be wound (or stacked) at the
manufacturer’s discretion.

As specified in the data sheets in appendix A

“ with the following guidelines:

1. The minimum allowable impedance for
transformers 750 KVA and above is 4.0
percent.

2. The minimum allowabie impedance for
transformers 500 KVA is 3.5 percent.

3. The tolerance is +/- 7 1/2 % except for
the transformers with dual rated primaries

which shall have an impedance tolerance of

+/- 10 %

The no-load losses (core losses) shall be
optimized per the evaluation formula provided
in the bid package/Request For Proposal

(RFP).
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Load Loss ' The icad Tosses (winding losses) shail be
optimized per the loss evaluation formula
provided in the bid package/RFP.

Sound Level Shal' not exceed noise level per NEMA
standards.

3.7 Environmental Conditiens.

Elevat: - 50 feet above sea level
Location Indoor/outdoor (See Appendix A.)
Temperature Range 0°C to 40°C

3.8 Accessories. The transformer shall have the following accessories as
a minimum. The accessories shall be constructed and located as described

in ANSI-C57 12.00.

. Eibow terminators, fuses, load break switches, and tap
changers as called out in Section 3.6, primary connection
section, and per individual data sheets in Appendix A.

. Magnetic liquid level gauge with 25°C level marking.

. Dial type thermometer with alarm contact of sufficient
capacity to control the future fan contactor and an additional

contact for a future utility control system.

. Pressure - both a vacuum bleeder device and a high volume
‘pressure relief device rated at a minimum of 100 SCFM at
15 psi. Additional pressure relief capacity will be required
and installed per UL classification, if RTEMP fluid is used.
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1 inch NPT boss and plug in tank top situated such that a 1/2
inch 7 perglass instrument rcd couic de inserted (in the
future by others) into the fiuid {straicht down) without

contacting any part cf the bus or core assembly.

Jpper Fiiler Connection - 1 inch nipple with plug.

Drain Valve - 1 inch giobe valve.

Lower Sampling Valve - min. 3,8 inch at tank bottom (may be
part of drain valve assembly).

Upper Sampling Port - min. 3/8 inch boss in tank wall and
valve (with cap) approximately 1 inch below top fluid level to
allow future diagnostic instrumentation access (by others).

Lifting, moving, and jacking provisions.

Stainless steel/aluminum nameplate with information required
in ANST-C57 12.00 at two locations: one on the transformer
exterior and one in the secondary cubicle. (note: stainless
steel is preferred)

A junction box shall be located on the transformer nameplate
side and contain a terminal board for all electrical circuits
entering or leaving the junction box. The junction box shall
have a hinged door with a gasket and a handle with provisions
for padiocking. A1l electrical circuits from components
mounted within the transformer shall run to this terminal
board.

An optional top oil temperature sensing thermocouple shall be
mounted in the prevailing transformer top cil thermal hot
spot. Az a minimum, the thermal well housing must be
inciuded, even if the optional top oil temperature sensing
thermocouple is not adred. The thermocouple shall be
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installed in a thermal well housing that will ailow
maintenénce. This thérmocoup?e will provice input 1o an
electronic temperature monitor. This instrument shall respond
to the top oil temperature and automaticaliy display this
reading. An analog meter shall continuousiy display the top
0il temperature and indicate the maximum temperature reached
over a period of time. [ight emitting diodes are not
acceptable. The highest temperature shall also be used to
initiate alarm and trip functions and is stored for future
recall until the maximum temperature memory is cleared. Fail
safe alarm relay circuits automatically actuate if supply
power has been lost. Maximum temperature can be recalled even
if supply power has been interrupted. A self-test procedure
allows set points to be de*--mined and their operation
verified. Alarm and trip >.t points will be tested from the
front panel. Open thermocouple circuits are detected and
indicated, but do not affect instrument operation. Manual
control of alarm and test functions shall be provided. A1l
input and output connections shall be made to the terminal
blocks on the back.of the instrument. The set points of this
thermal device shall be adjustable, and two sets of alarm and
trip contacts shall be provided. The alarm contacts on the
temperature indicator shall be factory wired and brought out
to terminal blccks on the exterior of the tr. former

* " enclosure. The terminal blocks shall be mour. 4 in the

junction box. A thermometer with a remote sensing bulb is not
acceptable. The thermocouple shall be removable without
disconnecting the electrical wiring. The temperature monitor
system shall be graduated ‘n degrees centigrade and shall be
tested at 200°C before installing on the transformer. The
thermally operated device shall be coordinated with the
transformer design and shall be connected and set to function

as follows:

- First stage shall be adjustable and set at 75°C
temperature at which the substation audible bell alarm
can be activated (connected in future by others).
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- Second stage shail be acdjustable and set at 100°C
temperature at which the transformer is isolated by
removing the electric load and tripping all the power
circuit breakers via tne circuit breakers’ shunt trip
coils (connected in future by othersj.

3.9 Tank Construction. The tank shall be of welded steel construction
designed to withstand a pressure 25% greater than the maximum operating
pressure and normal working vacuum. The cover shall be provided with
access holes or manholes, 1ifting eyes, and pressure relief. The base
shall permit rolling or skidding with pulling eyes and be equir,ed with
ground pad.

3.10 Paint. The color of the finished transformer shall be €37.20
Federal Standard 595 dark forest green enamel.

3.11 Miscellaneous Requirements.

3.11.1 Insulated Phase Barriers. Primary and secondary insulated

phase barriers shall be provided.

3.11.2 \Undercoating. Transformers, which have bases that come in
contact with concrete, shall have the underside of their bases coated with
a corrosion resistant :oating that conforms to Military Specification
MIL-P-2864]1 (or an equivalent) with a minimum thickness of 4 mils.

3.11.3 Warning Sians. In accordance with ANSI Z35.1, warning signs
shall be provided for the enclosures of electrical transformers having a

nominal voltage rating of 500 volts or above.

3.12 Provisions for Fan Cooling. The transformer, 500 KVA and larger,
shall have provisions for future fan cooling (by others). As a minimum,
fan mounting brackets and dial thermometers with control contacts shalil be
provided.
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3.13 TJecting. The following tests shall be performed in accordance with
NEMA TRI, ANSI-C537 '12.90, and ASTM Standards as iisted by the associated
tests. All testing, except the field tests, shall be done at the factory,
and the certified results shall be submitted to the buyer for approval
before shipment of the transformer. Field tests shall be performed

unless specifically denied by EG&G [daho and shall also have certified
test procedures and results if opted by EG&G Idaho. All testing included
in this Specification shall be performed and costs must be included in the

transformer purchase price.

The purchaser reserves the right to witness any or all tests, and the
vendor shall notify the purchaser 14 days in advance of the date for
conducting any test (see Section 3.5).

Field tests shall be conducted by representatives of the manufacturer
and shall be completed after the transformer has been set in place and
before the primary and secondary connections are made. These tests shall
be as described in Section 3.13.3.

The tests below shall be made on the transformer as a minimum
requirement. The order of listing does r t necessarily indicate the
sequence in <~hich the tests shall be conducted.

2.13.1 C(Coolant Tests.

ASTM D-877 Dielectric Breakdown Voltage

ASTM D-¢€23 Sampling Electrical Insulating Liquids

ASTM D-%z4 Power Factor

ASTM D-G74 Neutralization Number

ASTM D-1533 Water in Insulating Liquid (field test only)
ASTM D-2225 Silicone Fluids if Silicone.

PCB contamination certification requires stating either that PCB
content 3s less than 5 ppm or that the transformer is PCB free and
contains no PCB. A stainless steel label clearly stating the PCB content
shall be attached to the transformer.
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3.13.2 Factorv Flactvic "octg,

1. Coil resistance measurements of all windings on the rated
voltage connection and at the tap extremes.

2. Turns ratio test on the rated voltage connection.

3. Polarity and phase relation tests on the rated voltage
connection.

4. No-load loss at rated secondary voltage on the secondary

voltage connection (fieid and factory test).

5. Exciting current at rated voltage on the rated voltage
connection.
6. Impedance and load loss at rated current on the rated voltage

connection and on tap extremes.

7. Temperature tests under conditions specified in ANSI
Standards for transformers. (Typical temperature rise of the
"exact" design may be substituted with written approval.)

8. Applied potential test.
9. Induced potential test.
10. Impulse test.

11. Insulation power factor.

3.13.3 Field Tests. Field tests shall be performed as part of
installation. Test reports shall be certified for methodology and

accuracy.
+ No-load luss as measured from the secondary winding at ambient

temperature (ANSI-C57 12.90). Record both ambient and top oil
A-20
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temperatures. Conduct this test on both existing transformers to
be removed and the new transformers. Record ambient temperature on
the test reports.

« Water content in 0il at ambient temperature (ASTM D-1533). Record
both ambient and top oil temperatures.

« Insulation power factor (Method Il ANSI-CS7 12.90, Section 10.9)
Doble Test or equal. (Insulation power factor to be 0.9 or less.)

+ Before energizing the transformer, test the transformer turn ratio
(TTR) at all tap settings. Megger all leads before connecting them
to the transformer and check the leads for grounds using VOM before
any connections are made. Any lead with 3 Megger reading of less
than 10 megohms shall be replaced.

4. QUALITY ASSURANCE PROVISIONS

Unless otherwise specified, the suppliier is responsible for all
examinations and inspections as specified herein. The vendor shall
maintain a Quality Assurance Program in accordance with MIL-(-9858A or an
approved equal during the performance of the contract, which provides
adequate quality assurance and control throughout design,'fabrication,
testing, inspection, and shipping of the transformer. The vendor shall
provide the documents describing the Quality Assurance Program and
containing the procedure that will be invoked to comply with the above.
An Inspection and Test Procedure shall be prepared and submitted to the
buyer for approval. Final inspection and test reports as requirec by this
Specification shall be submitted to the buyer for approval. The vendor
shall maintain a calibration system for the periodic calibration of test
instruments to standards traceable to the National Bureau of Standards.

Vendor data shall be submitted per attached "Vendor Data Requirements
Lists" (see Appendix B).
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5. PACKAGING

The transformer shall be prepared for shipment within the Continental
United States. All accessories snall be protected from camage. The
transformer shali be seaied to prevent entry of moisture or foreign
materials during shipment. Documents as indicated in Appendix B shall be
required. Shipping is the responsibility of the supplier as part of the
total installation package.

6. SUBMITTALS

Within 30 days of receipt c¢f the order, the vendor shall furnish the
purchaser with all necessary outline drawings and weights of the
transformers.

6.1 Shop Drawings and Manufacturer’s Data. Shop drawings for
transformers shall indicate, but shall not be limited to, the following:

Overall dimensions, front view, interfaces with existing
equipment, and sectional views.

Ratings and sizes of Tugs, impedance, taps, and fans if
applicable.

Manufacturer’s published information on the main secondary breaker
and feeder devices at each transformer to allow owner to review
settings, which will ensure that proper protection and
coordination will be achieved.

Complete list of spare parts and/or supplies with current unit
prices and source of supply.

6.2 Lertified Laboratoryv Test Data. Certified copies of reports of all

tests shall be submitted as required.
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“ects. Transformer test shall be performed in
accorcance with the ANSI-(37 :2.60 - for ligquid filled (ANSI-C537 12.81 -
for dry-type) standard test coce and Section 3.13. C(Certified copies of
test data for the following tests shall be submitted and shall receive

6.2.1 Transécr—er

-

apcroval before delivery of equipment to the project site. Field test
Gata sheets shall be submitied within 14 days after test completion.

7. DEMOLITION AND CONSTRUCTION

7.1 Demoli*ion and Construction General Requirements. The vendor shall

furnish technical personnel to be present at the site to perform, as a
minimum, the following tasks (see Appendix C). Permits for PCB fluid and
transformer casing transport shall be obtained by the successful bidder
before removal. Note that CSHA regulations require workers handling PCBs
to be properly trained and certified.

Request and have operating Contractor (PWC personnel) de-energize
the existing transformers.

Test the existing transformers for no-load loss, record data, and
submit in writing to the Resident Engineer.

Orain the PCB fluid from each transformer into approved drums,
seal, and deliver it to the interim hazardous waste storage area
at the base.

Purge the transformer case with dry nitrogen gas and seal.

Remove and deliver the transformers to the interim hazardous waste
storage area at the base, as designated by the Pesident Engineer.

Provide and install new transformers and test per Section 3.13.3.

Request PWC personnel to energize the system.
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Verify proper operat:on and turn the operating transformer over to
£3&%G Icaho for remanding o PWC San Diego.

The EG&5 Idaho Resident Engineer shall coordinate ail outages and
provide interface between the successful bidcer’s, installers, and tne
operating Contractor (PWC). PWC Code 640 is responsible for man.festing
all PCB (hazardous waste) activity, and PWC shall be contacted through the
EG&G Icdaho Resident Engineer.

7.2 Draining. Service shall include removal, packaging, and transporting
[to a Defense Reutilization and Maintenance organization (DRMO) hazardous

waste staging area] of the PCB or PCB contaminated fluid initially drained
from the transformers. DRMO waste shall be clearly labeled with contents,
level of contamination, its source, and manifested by PWC Code 640.

The Subcontractor must review and comply with the minimum Outline
Spill Prevention, Control, and Countermeasures (SPCC) Plan before draining”
fiuid from a liquid cooled transformer (see Appendix D). Appendix D
details the SPCC requirements that the Subcontractor must observe.

7.3 Jransportation and Disposal. Al)l hazardous waste material shall, as
a minimum, be contained in Department of Transportation (DOT) approved
containers from point of removal until delivered to the final disposal
site. The following are methods of handling the wastes and are subject to
the requirements of 40 CFR, Part 263 and 49 CFR, Parts 172 and 173 and
shall be superseded if the regulations are amended.

1. Drums shall be DOT approved for hazardous waste: 17£ for
fluids, 17H for porous solids, and 17H for rags and solvent.

2. Bulk containers shall be six sided, welded steel
construction, lined with a minimum of 10 mil piastic sheet,
and watertight. The container shaii be handled by a truck
specially fitted to transport the container from generation
point to disposal point.
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Transicrmer icentitvi
Locaztien

Size

Primary Vecitage
Primary Winding Type
Seconcary Voltage
Secondary Winging Type
Percent Impecance

Primary Switch
Primary Connection

Secondary Connections

'Secondary Breaker
Maximum No-Load Loss

Maximum Full-load Loss

vvvvv

TRANSFORMER DATA SHEZIT

ien [PWCEC-OLDY CCEZS-NEW ol
3L26 ¢4 CUTDOORS
T80/30C0 KVA **

L 2 a4

2.4/12 KV _DUAL

DELTA

280 Vv

WYE-GROUNDED

£ &
- /9

NEW 3 POLE 15 KV 60C AF/300 AT FUSED
SWITCH

PROVIDE TRANSITION CUBICLE TO NEW
SWITCH

PROVIDE NEW COPPER BUS CONNECTIONS

TO NEW SECONDARY SWITCHGEAR. PROVIDE
AND INSTALL NEW SECONDARY SWITCHGEAR
PER SKETCHES. (SEE APPENDIX E OF
THIS DOCUMENT.)

PROVIDE AND INSTALL NEW SWITCHGEAR
PER ATTACHED SKETCHES

DETEZRMINED PER LOSS EVALUATION IN RFP

DETERMINED PER LOSS EVALUATION IN RFP

* This is a2 replacement of transformer PWC #€3, an existing 500 KVA 3

b o 4
L a s

phase 480 V PCB transformer.
Supply fan to achieve higher rating.

Dual voltzge primary winding is an option.

Regardless of whether

the option is exercised, the 2400 VAC primary must be supplied.
the ootion is exercised then taps snail be proviced for the higher

rating (12 KV).
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yTERSTIrTEr [ lentiTilalt

locaticn

Primary Voitage
Primary Winding Type
Seconcary Yoitage
Secondary Winding Tyce
Fercent Impedance
Primary Switch

Primary Connection

Secondary Connections

Secondary Breaker
Maximum No-lLoad less

Maximum Full-load Loss

71).

«VE-GRCUNCED
3.0
N/A
NEW FZED FSOM NEW SWITCHGEAR
(Seg CCES)

NEW CAPLE AND CONDUTT CONNECTIONS TO

EXISTING SwiTCHGEAR (2 places)

EXISTING BREAKER PER ATTACHED SKETCH

DETZRMINED PE2 {QSS

EVALUATICN IN RFD

DETERMINED PER LOSS

EVALUATION IN RF®

A-27

Consolidaticn repiacement of existing PC2

transformers (#70 and

See sketches SD 1, 2, and 3 {for acdditional information.
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TRANSFORMER DATA SHEEZT

Transformer lcentification _/PWCI6-0LD° CTIE-NEW *

Lecation 8LDG 342

Size i22.8 KVA ool

Primary Voltage 2.8/22 KV _DUAL e

Primary Winding Type DELTA

Secondary Voltage agec/e77 v

Secondary Winding Type WYE-GROUNDED

Percent Impedance 3.0

- Primary Switch NEW 23 POLE !SKV SQAF FUSED

Primary Connection TRANSITION AND CABLE TO NEW SWITCH

Secondary Connections REUSE EXISTING --- SPLICE TERMINATION
FOR _CONNECTIONS TO EXISTING .
SWITCHGEAR

Secondary Breaker REUSE EXISTING BREAKER -NO CHANGES

Maximum No-lLoad Loss UETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-load Loss DETERMINED PER 1 0SS EVALUATION IN RFP

*

Replacement of existing 112.5 KVA PCB transformer.

= Opzionally propose and construct this unit with an amorphous stacked
core, as per specification.

*** Dual vcltage primary winding is an option. Regardless of whether

the cption is exercised, the 2400 VAC primary must be supplied. ‘If

the option is exercised then taps shall be proviced for the higher

rating (12 KV).
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Transformer lcentification

Location

Size

Primary Voltage
Primary Winding Type
Secondary Vol:iage
Secondary Winding Type
Percent Impedance
Primary Switzch
Primary Connection

Secondary Connections

Secondary Breaker

Maximum No-Load Less

Maximum Full-Load Loss -

m

S-E1333

TRANSFORMER DATA SHEZT

[PWC25-0LD) cCi8-NEW x

BLDG &73

122.8 KVA

2.4 Kv

DELTA

208/:20

WYE-GROUNDED

3.0

REUSE EXISTING SWITCH

NEW TRANSITION TO EXISTING SWITCH

PROVIDE AND INSTALL NEW SECONDARY
JRANSITION CUBICLE

REUSE EXISTING SWITCHGEAR

DETERMINED PER LOSS EVALUATION IN RFP

DETERMINED PER LOSS EVALUATION IN RFP

L ]
* Replacement of existing PCB transformer.
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Trznsformer Izentitic

Location

tny

iZe

Frimary Vgltace

Primary Winding Tyre

Seconcary Voltage

Secondary Winding Type

Percent Impedancs
Primary Switch

Primary connecticn

Secondary Connections

Secondary Breaker

"Maximum No-lLoad Loss

Maximum FuTl-Lcad Loss

WOASTITY creToNey -

300G 477 CUTTCORS =

1200 w2

12 Xy

oLTa

180/277 Y

WYE - GROUNDED

3.78
REUSE OF TXISTING SWITCH rs
NEW TRANSTTION TO EXTSTING SWITCH
COPPER BUS CONNECTIONS 7O NEW
SWITCAGEAR .
REUSE EXISTING BREAKER AND SWITCH-
GEAR =

LET

-

(£2]

RMINED ©°

4}

B_LOSS EVALUATION [N FD

CETERMINED B2 10SS CVALUATION IN RFD

* This will reclace existing PC3 1500 KYA transformer.

¥

hew

Use corrosion resistant external
provide octicnal cost to include
Include cost proposal to renlace

packaging, NEMA 2R minimum. Also
stainiess steel rain cap.

these switches as an option.
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T oy e
.ransTorner

' ‘ue-:".ﬁq
[ - R P

Seconcary Wincing
rercent Imredanca

Primary Switch

Frimiry Conne<tion

Seconcdary Connecticns

Seccndary Brezker

Maximum No-load Loss

Maximum Full-Load Loss

- ~p -
f"d :_,' \

- - T = -

WVE-SAOUNCED

z -g

FEUST FXTISTING AIR INTEZRQUDTFR
600 A

SWITCH

TRANSITION FR0M EXTSTING SWITCH

PROVIDE =ND
70 EXISTING
REQUIRED

TNSTALL NEW CONNECTIONS

-
!
SWITCHGEAR  EXTEND (E

£CCNCARY

REUSE EXTSTING 8CO A S
BREAKER END SWITCHGEAR

DETERMINED PER EVALUATTON IN RFP

L0SS
CETIRMINED 03 (0SS EVA{UATION IN RED

* Replacing existing 500 KVA PC3 transformer.

No diagram provided.
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TRANSFCRMER TATA SHEZT

Transformer Icentificaticn  _/SWLIT-OLTY CIoTA-NTd =

Lzscation 3L0¢ 3787

Size "EC/TOCC (2 =*

Frimary Voltace WL

Primary Winding Type ner~a

Secandary Voltage agg v

Secondary Winding Type WVE-GROUNDED

Percent I[mpedance £.78

Primary Switch DROVTIDE ANDC TNSTALL NZW 18 KY Cl2SS
PRIMARY SWITCH AND NEW 12 KV Foo5rf

Primary Connection TRANS:CTICN TO NEW SWITCH

Seconcary Connections NEW COPPE] BUS CONNECTIONS TO NEW )
SWITCHGEAR

Secondary Breaker P & T NEW SWITCHGEAR. SEf SKETCM
EREAKER AND SWITCHGZAR

Maximum No-load Loss DETZAMINED PER L OSS EVALUATICN IN RFP

Maximum Full-Load Loss CETEIMINED PER L0SS EVALUATION IN R

* This unit is replacing an existing 1000 KVA PC3 filled transformer.

**  Supply fans to achieve higher ratinc.
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TRANSFORMER DATA SHEET

Transformer Identification (PWC27-0LD) CL27B-NEW

Location

Size

Primary Voltage
Primary Winding Type
Secondary Voltage
Secondary Winding Type
Percent Impedance

Primary Switch

Primary Connection

Secondary Connections

Secondary Breaker
Maximum No-lLoad loss

Maximum Full-Load Loss

BLDG 378-1
500 KVA _ *

480 V

DELTA

208 V¥
WYE -GROUNDED

5.75

PROVIDE AND INSTALL NEW SWITCHGEAR
SEt SKETCH

TRANSITION FROM NEW SWITCHGEAR

NEW COPPER BUS_CONNECTIONS TO EXISTING -
SWITCHGEAR

REUSE EXISTING SWITCHGEAR

DETERMINED PER LOSS EVALUATION IN REP

DETERMINED PER LOSS EVALUATION IN RFP

No primary voltage taps are required on this transformer due to the high
current level. Note requested optional price for addition of standard
primary voltage taps on this unit in the pricing schedule.
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Note:

TRANSFORMER CATA SHIZT
TransTcormer ldentiticaticn _/EWCAS-OIDY  coas_MEY *
Lscation SL2C éage-t
Size {ECO Kva
Primary Voltzge 12 XV
Primary Winding Type gerT2
Secondary Voltace £80/277 v
Secondary winding Type WVE.LI0UNRED
Percent Impedance €.75
Primary Switch REINSTALL EXISTING PRIMARY SWITCH
Frimary Connection CONNECT EXISTING SWITCH
Secondary Connecticns NEW COPPER EBUS CONNEZCTICONS 78 :
EXJSTING SWITCHGEAR
Secondary Breaker EXISTING SWITCHGER
Maximum No-Load Loss QETERMINED PR L QSS EVALUATICN TN RFP
Maximum Full-Load Loss DETERMINED PER LQOSS FVALUATICN TN RFP
* The existing PT3 unit is already missing and will not have to te

handled as part of this changeout.

This unit will be installed in an existing station. The instailer
will have t3 remove an existing temporary transtormer and place it
aside for removal by others prior to instailing the new

.ransformer. The installer wiil alsc have to reinstzll the existing
primary switch, which was disconnected whiia the temporary
transformer was installed. The existing temporary transicrmer is a
3750 KVA ynit and w11 regquire an oversized crane to 1ift out and
set on the ground. T7This unit is nonPC3 and wiil not regquire
acdditional handling.

No diagram provided.
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ES-83333
TRANSFORMER DATA SHEZT

Transformer ldentification (PWC1-220,!1.2-0LD) CC:-22C-NEW *

Location

Size

Primary Voltage
Primary Winding Type
Secondary Voltage
Secondary Winding Type
Percent Impedance
Primary Switch

Primary Connection

Secondary Connections

Secondary Breaker
Maximum No-Load Loss

Maximum Full-Load Loss

BLDG 378-3

30C _KVA

2.4/12 KV DUAL >

DELTA

280 V

WYE-GROUNDED

L.5

REUSE EXISTING PRIMARY SWITCH hallaled

PROVIDE NEW CABLE CONNECTIONS TO

EXISTING SWITCH

PROVIDE NEW CONDUIT AND CONDUCTORS 70

EXISTING SWITCHGEAR

REUSE EXISTING SWITCHGEAR

DETERMINED PER LOSS EVALUATION IN RFP

DETERMINED PER LOSS EVALUATION IN RFP

* This new three phase transformer is replacing three existing 167 KVA
single phase PCB transformers.

ol Dual voltage primary winding is an option. Regardless of whether
the option is exercised, the 2400 VAC primary must be supplied. If
the option is exercised then taps shall be provided for the higher

rating (12 KV).

*** There are three oil-fused contactors which are feeding the

transformer to be removed.

It is believed that the three contactors

are PCB-contaminated, and they should not be disturbed.
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Transtermer IZentification (ZWlio132-70C) £01-GEE-NTW *
Locaticrn 3177 333-1 x>
Size 1125 KYA
Primary Voitage 180 V
Primary Wincing Type AR
Seconcary Voitace 208720 v
Seccncary Winding Type WYE-CROUNDE
Percent Impedance 4.5
Primary Switch POOVINE AND TNSTALL NEW 480 V BPCAKER
IN NEW SWITCHGESR. SET SKETCHES
Primary Connection SEF_SKETCHES
Seconcary Connecticns TRANSITION TQ =XTSTING PENZL .
Seconcdary Breaker REUSE EXISTING
Maximum No-lLoad Less DETERMINED PER LOSS ZVALUATION [N RFP
Maximum Fuil-Load Loss DETSRMINED PER LOSS EVALUATICN IN RFP
* This unit reslaces the existing 112.3 KVA PCB transformer.
* This transfo-mer will be instailed on 2 mezzanine located
zoproximately 30 feet AAF. Extra rigging and PCB handling efforts

will be required.
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TRANSFORMER CATA SREIZIT
Transtormer lzentificztien [(EWCl.tET-CUCY Tol-iTTANEN ol
Lecatien ZL2C 3Is- *x
Size 1:2.3 KA
Primary Yoitage LEC OV
Primary Wdinding Type pDELTA
Seconcary Voitace 240 Y
Secondary Winding Type Wyt
Parcent Impecance 4.8
Primary Switch PROVIDE AND INSTALL NEW 480 V BRE2KEIR

IN NEW SWITCHGEAR, Sc- SKETCHES.

Primary Connection SES SKETCHES
Secondary Connections TRANSITICON TO EXISTING PANEL .
Secondary Breaker REUSE EXTISTING BREAKER
Maximum No-Load Loss DETERMINED PER LOSS EVALUATICN IN 9F?
Maximum Full-Load Loss DETZRMINED PCR | 0SS EVALUATICN IN RFP
* This unit is replacing the existing 112.5 KVA PC3 transformer.
**  This transformer will be installed on a mezzanine located

-

approximately 30 feet AFr. Extra rigging and PC3 handling efforts
wiil be required.
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APPENCIX B

VENDCR CATA REQUIREMENT LIST
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APPENDIX 3

YENDOR DATA REQUIREMENTS LIST

| * |  No.of -
i when Copies Reterence| Approval
i Description Required| Required| Paragraph| Req’d.5v!
1. Drawings, sketcnes, schematics| B8C 12 NA  |R| AB/DE !
and cother czta shall be
submitted with the bid
sufficient for evaluation cf
contract proposal.
2. Quality Manual and Procedures o 12 4.0 R| AB/DE
3. Inspection and Test Procedures BFR 12 3.2, 3.10{1I| AB/DE
4. Inspection and Test Results PS 12 3.10 Ry AB/DE
£. Maintenance manual which ) 12 5.0 1| AB/Dt
includes as a minimum: .
installation instructions,
cperating instructions,
preventive and corrective
maintenance tasks, the
frequency of each task, the
tools, equipment, and
procedures with special
emphasis on safety precautions
for the accomplishments of
each task.
6. Priced spare parts i1ist and PS 12 5.0 1| AB/D
recommended spares.
ii7. Guaranteec performance data PS 12 5.0 1| AB/DE
and name plate cdata.
8. As-built shop drawings schema- PS 12 5.0 R| A8/CE
tics and wiring diagram.
¢. Installation schedule. PS 12 £.0 AB/DE
10. PC3 fluid disposal plan and PS 12 5.0 AB/DE
certification.
111. Spill Prevention, Control, and BFR 12 NA R| AB/DE !
! Countermeasures Plan
|12. Certification for Hazardous PS 12 NA Ry AB/Dt
| Waste Handlers !
* BFR = Before Fabrication Release * BC = Before contract is awarced
* PS = Prior to Shipment ** R = Reguirzad
*+ | = Information Only *x AB = Approval By Euyer
*+ DE = Approval 8y Design Ingineer
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CONSTRUCTICON CETAILS
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CONSTRUCTICN CETAIL

RIZAL GENERAL PRCVISICNS

PAKT 1 - GENERAL

CZSCRIPTICN CF WORK:

Summary:

The electrical work can be ceneraily summarized in the following

marner, but this is not by way cf limitation:

Obtain permits for moving hazardous waste.
Check and mark phase rotation before ce-energizing system.
Have PWC personnel de-cnergize the existing transformers.

Test existing transformer for no-load losses. DODrain the PC8
fluid from each transformer into standard DOT approved drums and
deliver it to the interim hazardous waste storage area on the
base as designated by the Resident Engineer (all work shall
comply with OSHA and EPA regulations).

Purge the transformer case with dry nitrogen and sezl.

Deliver the existing transformer to the interim hazZardous waste
storage area on the base (comply with OSHA and EPA regulations).

Provide and install new transformers.
Connec* new transformers and test.
Request PWC personnel %o energize the system.

Verify proper operations and turn the cperating transformer over
to EGAG I[caho. Inc. for remandinc to PWC San Diego.
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PART & - MISCZILLANECZUS AND ANCILLARY PRCCUCTS
GENERAL:

Furnish ail labor, materiais, equipment, and zpcliances reguired o complete
the instailation of the complete electrical systems. A1l labor, materials,
service, equipment, and workmanship shall conform to the appiicabie chapters
f the NEC (NFPA 70) and other authorities having iawful jurisdiction
pertaining to the work reguired. All modifications reguired by these codes,
rules, reculations, and authorities shall be made by the Subcontractor

without acditional charge to the Contractior.

Underwriter’s Labtoratories (UL): A1l materiais, appliances, equipment, or
devices shall conform to the appiicable standards of UL where such standards
exist. AlT material, acpliances, equipment, or devices shall be listed
and/or labeTed by UL where such standards exist. .

Completed eTectrical system shall conform with applicable provisions of the
Special Canditions, the Technical Specificaticn, and the attached subcontract
drawings.

CONDITICN OF PRCCUCTS:

Except as otherwise indicated, provide new e’ectrical products, free of
defects and harmful deterioration at the time of installation. Provide each
product complete with trim, accessories, finish guards, safety devices, and
similar components specified or recognized as integral parts of the product,
or required by governing reguiations.

UNTFORMITY:
Wnere multiple units of a product are required for the eiectrical work,

provide identical products by the same manufacturer without variations except
fer sizes and simiiar variations as indicated.
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Zeneral: It is recognizec that the subconiract ceccuments are ciacrammatic in
showing cartain ghysical reiationships that must te 2stabiished within the
eiectrical work and in its intarface with other work, inciuding utilities and
mechanical work, znd that such estadblishment is the exciusive responsibility
of the Subcontractor.

Arrange electrical work in a neat, well-crganized manner with conduit znd
similar services running paraliel with the primary lines of the building
construction and with a minimum of 7 feet overhead ciearance where possibie.
Locate operating and ccntrol equipment properiy to provide easy access and
arrange entire electrical work with adequate access for operation and .
maintenance.

RISIDENT ENGINEER:

The EG&G Idaho Resident Engineer will ensure that the installation complies
L ]
with drawings, specifications, and witness testing.

TRANSFORMERS
PART 1 - GENERAL
WORK DESCRIFTICN:

’rovide anc install transformers of sizes, ratincs, and types as shown on the
referenced cata sheets and engineering specificztiion.
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The transformer enclosure shali be suitabie for the environment that “he

transformer is installed in.

PART 3 - EXECUTION

INSTALLATION:

Install transformers as indicated on the drawings and in accordance wit
manufacturer’s written instructions, 2ppiicable regquirements cf NEC and -the
NEC Association’s "Standa-d of Installation,” and complying with recognized
industry practices to ens.re that products serve intended functicns.
TESTING:

Visually inspect to determine that equipment instailaticn conforms tu NEC,
these specifications, and the drawings and testing as described unce- the
testing section of the specification.

GROUNDING

PART 1 - GEeNERAL

WORK DESCRIPTION:

Provide and instail grounding on all transformer cases and tie into the

existing grounding system.
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Ground crid weids shail be macde by the Thermit process.

g cyoenTIA
PART 3 - ZXEICUTIC

INSTALLATION:

Install a ccmplete grounding system for the transformers in accordance with
applicabie requirements of NEC and complying with recognized industry
practices to ensure that products serve intended functions and comply with
requirements. All exposed noncurrent-carrying metallic parts or electricail
equipment, conduits, grounding conductor of ncnmetallic sheathed cabies, and
neutral concuctor cof the wiring system shall be crounded.

Exothermic Welds: Exothermic welds shail be made in accardance with the

manufacturer’s written recommendations. No mechanical connector is reguired
at exothermic welcdments.

Visually inspect to determine that ground instailation canforms toc NEC, these
specifications, ancd the grawings.

CAEBLZ, WIRZ, CONNECTORS AND MISCZLLANZGOUS CEVICES

WORK CESCRIPTICN:

Provice and install concuit systems, cabies, wires, aud wiring connectors of
izes, ratings, materials, and types as shown on the Crawings.
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2 - F..uuUCTS
WIRING MATERIALS 5 KY AND 15 KV CLASS:

A1l 5 KY and 15 KV cabie shail be snieiced and properly terminated. Cabie

T aaa

shall be £°R MVY-30 shielced czble anc shall have a 133% insulztion level.
HiGH YOLTAGE SPLICZS:

Splices in high voitage cables. Splices shall be suitabie for centinuous
immersion in water and shzll be made cnly in accessible Tocations in

mannoies.

Certification. High voltage caole spiicer/terminator certificaticn of
competency and experience shall be submitted 30 days before splices or
terminations are made in high voitage cables. Splicer/terminator experience

during the past 3 years shall include performance in splicing and terminating
all cables of the type and classification being provided under this contract.

Kit Methods. High voltage splices shail be made using a "kit," which shall
be the product of one manufacturer and shall have the approval in writing of
the manufacturer of the cable that is to be spliced. The Contractor shall
‘provide for continuous submersion in water.

Heat-Shrink Method. All splices for 600 volt and less cabies shall be done
by the heat-shrink method. Provide heavy-wall heat-shrinkabie spiice tubing
rated for seaied underground connector svstems. Tubing shall be available
uncoated, or with a thermop .stic adhes:.¢-sealant that adheres to PVC,
neoprene, rolyolefin, and EPR aiuminum or steel.

Splices in High Voltace Cabies. Splices shail be suitabie for continuous

immersion in water and shail be mace oniy in accessibie Jocations in
manholes.
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ters cn Hizn voltage czbie sziicer/tarmingtor cartificzticn of
Zcmrelency &nc experiencs zhall e sutmitisd IO czys cefore spiices or
terminaticns are mace in high veltace cadies. Spiicer/terminatcor exterience

st 3 vears shall inciuce performance in splicing and ferminatling

2
of the tvpe and classificaticn Deing crovicesd uncer *nis contract.

it Methocs. High voltage spiices shall be macde using a "ki%," which shall
ce the procduct cf one manufacturer and snaii have the a:prova] in writing of
*he manufacturar of the cable that is to spiiced. The contractcr shall
provide the Contracting Officer or Contractor’s Quality Controi
representative with a cepy of the manufacturer’s instructions befeore sglicing
is started. Splices shall be made only in manholes.

Splices in Shielded Cabies. Splices in shielded cables shall include
covering the spliced area with metallic tape, or like material, to the
original cabie shield and connecting it to trhe cable on ezch side of the-
slice. Provide a No. 6 AWG bare copper ground connection troucht out in a
water ticht manner and ground to a 3/4 inch x 10 feet ground rod as par%t of
the sglice installation. Wire shall be trained to the sides of the enclosure
in a manner to avoid interference with the working area.

Phasing and Rotation. Contractor to record the phasing and rotation of the
existing eiectrical system before cable splicing, cabie removal, termination,
and/or any work that could alter the phasing and retation of the system.
After completion cf the work and before connecting any load to the system,
the contractor snali verify that the phasing and rotation is zs it existed
and has not been aitered.

WIRING MATEZRIALS, 530 V CLASS:
cnduciors shall be stranded for &1l sizes of wire and cabie.
Conductors shall be copper for ail sizes.

Wire insulation shall be type THHN/THWN for a3l 500 veoit concucicrs unless
stherwise noted.
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Mimimum size of cower concductors srall bHe No. i2.

Sclices feor 600 Volt Cables. Splices in uncergrcund sys:tams sha'l be mace
only in accessible locations, such as manhcles and hanchroles, using a
ccmpressicn cornector of the cencuctor and by insulating and water proofing
by a method suitable for continuous submersicn in water.

reat-Shrink Method. A7l spiices for €00 voit and Jess cabie shail te done by
the heat-shrink method. Provide heavy-wall heat-shrinkable splica tubing
rated for sealeag underground connector systems. Tubing shall be avzilable
uncoated, or with a thermoplastic adhesive-seaiant that adheres to PYC,
necprene, polyociefin, and EPR aluminum or steel.

ONNECTORS:

Compression and/or lug type connectors, such as "Burndy", shall be used for
splicing No. 6, ard larger 600 volt cable.

High Voltage Cable Terminations. 1EZE 48, Class 2. Except as otherwise
indicated, terminators for extruded insulation nonmetallic jacketed cables
shall be porcelain insulator type. Apply terminator to sincie conductor
cables or to each conductor of multiple conductor cable that are to the
weather. Terminator shall not exude any filler compound under either test cr
service. The terminator shall consist of a porcelain insulator, cable
connector-hoodnut assemble, and aerial lug, as required, metal body and
supporting bracket, sealed cable entrance, and internal stress relief device
for shielded cable, and insuiating filler compound or material.

Terminator, Mccular, Molded Rubber Tvpe. [ZZZ 48, Class 2. Provide
terminator as specified herein for tsrminating sincie conductor, or the
single conductor of multiconductors, solid insulated, nonmetallic jacketed
type cables for‘service voltage up to 5 KV outdoor. The terminator shall
cansist of a stress control, ground clamp, nontracking rubber skirts,
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Wire/Cevica ldentificaticn: ATl csble systems, major conduits, and devices
shall be permanently marked. Concuits shail have stainiess stsel tags at
every €0 feet or where wali aor buiiding penetrations cccur. All conductors
shail be identified with salf-adhering cil and moisture resistant vinyl
lateis, covered with clear heat shrink tubing or wnite heat shrink tubing
with black typed on letters with nonsmearing ink zs manufacturec by Brady,
T&3, or approved equal. Hand Tettered iabels shall not be used. Al
conductors shall be clearly marked with the proper phase identification.

CCNDUIT SYSTEM: .

A1l conduits shall be RGS or IMC with exception of underground, which can be
PVC, and which shall te 3 feat minimum below grade and encased in 2 inches
minimum red concrete. A1l bends must be RGS or IMC. Ccnduit systems shail
be completed per the NEC.

PAR™ 3 - EXZCUTION
INSTALLATION:

Generai: Install electrical cable, wire, and connectors as indicated on the
drawings, in accordance with the manufacturer’s written instructicns,
acplicanie requirements of NEC and NECA’s "Standard of [nstallaticn”, and in
accorcance with reccgnized industry practices to ensure products serve
intandeqd functions.

Pui’l ccnductors together where more than one is bSeing instalied in a raceway.

Co not exceed the conductar manufacturer’s recsmmencded pulling tension or as
scecified in the I[PCS Handbook. Usz puiiing campound or lubricant, where
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recessary; csmpound must not cdetericrate concductor or instailaticn. Tersizn
snall be monitored when puils invclve more than 40 feet or when 3 or more 30
degree turns are in the system.

Use puiling means including fish tape, cabie, or rocpe which cannct camace
raceway.

Install splices and taps in an accessibie junction box that has mechanical
strength and insulation rating equivalent-or-better than conductor.

Use splice and tape connectors that are compatible with conductor material.
TESTING:

High Potential: After installation and installing stress cones, all 15 KV
cable shall be tested at twice the normal operating voltage plus 1000 vodts.
The test duration shall be 15 minutes on each cable. See IEEE standard
400-1980 (IEEE guide: for making high-direct-voltage tests on power cable
systems in the field).

Meggering: Before terminating, test all cable or wire for insulation
resistance with 500 volt megger. Any wire with less than 10 megohms to
ground or other conductors shall be replaced before proceeding with the
terminating. List conductors tested on required test data submittal sheet.

ELECTRICAL CONTINUITY AND PHASE ROTATION:

After conductor connectors are installed and ccnauctors are labeled, but
before termination to. terminals or devices, an electrical continuity test
shall be performed on each conductor using a battery powered buzzer cr
ohmmeter to determine that all power, control, grounding, and other
conductors are properly installed and identified. List all conductors tested
on required test dat- submittal sheets.

After initial enerci..ng af the transformer, che ‘or proper phase rotation.
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CUTLINE SPILL PREVENTION, CONTRCL, AND CCUNTIRMIASURZIS PLAN
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CUTLINZ SPILL PRIVEINTICN, CTONTROL, AND CCUNTZRMEASURES PLAN

MINTMUM SDT | DOTYENTION REQUTATVENTS

The foilowing shail be performed before the start of and during any
fluid removal From a iiguid cooled transformer (i.e., PC3 filled, oil

filled, or silicone filled).

a. A laver of & mil polyethylene sheeting shall be placed around the
transformer.

b. If drains are present, measures will be taken to eliminate the
potential for any fluids from entering the drains. This
includes, but is not Timited to, constructing a dike, trenching
around the drain, and/cr plugging the drain.

¢. Before pumping the fluids, all hoses shall be inspected for any
holes, cracks, or de-.erioration. Fittings shall be inspected to
ensure a proper connection. Any gaskets utilized in the pumpirg
operations shall be inspected for integrity. Approved hoses,
pumps, and gaskets shall be used.

d. Drip pans shall be placed under pumps and connections.

e. Pumps and hoses shall be positioned so as to minimize any
tripping hazard.

f. Personnel will monitor the pumping operation at all times.

g. An adequate suppliy of absorbent materials and cleanup eguipment
shall be readily available in the event of a mishap.
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uces the fclilewing, zut not limitad *c:

Shovels
3rooms

207 drums: 17E, 17H, and €5 galion recovery crum

L 7Y I ON T

Ample supply of racs

Vermiculite (Speedi-Dryv)

Absorbent booms and/or absorbent pads
Assorted corks, plugs, and emergency seals
Material Safety Cata Sheets (MSDS).

o 4 OV W

h. All safety equipment shall be inspected before use.

CONTRO

In the event of a spill or Teak, the following procedure shalil be
implemented:

a. Stop the source of the spill. Below is a list of probabie source

of spills when working with liquid cooled transformers, and the
remedial action to be taken to eliminate the problem.

Source 1. Transformer

1. Location of leaks: valves. Remedial action: plug valve
to reduce or stop spill. Pump fiuid below valve and replace
faulty valve.

2. Location of leak: bushing. Remedial action: Pump fluid

below bushing levei. Replace gaskets, or if necessary,
replace bushing.
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Locaticn of Teak: tank wail or raciator oice. Remecial

acticn: pump riuicd beicw level of leak and either ecoxy or

weld clese the lesak scurce. [T the source of *the leszk is

small, a vacuum can be pulled con the transiormer Lefcre

applying the epoxy seaiant r welding. Pul

ling a vacuum on

the transformer eliminates the need for any sumping
sumping

operations.

4. Location of leak: tap changer, liquid level gauge, or

temperature gauge. Remedial action: remove fluid below

level and replace packing material, gaskets, or thread

sealant where applicable.

Source 2. Pumps or Hoses

Remedial action: Stop all pumping operations and place apparatus into an

adequate container to capture any fluids.

Source 3. Drums

Remedial action: In the event that the drum is seeping
fluid shall immediately be transferred to another drum.

at the seams, the
Should a drum

rupture or become punctured, an oversized recovery drum will be used. The

recovery drum is placed over the top of the ieaking drum.

Then, the

recovery drum is placed upright, containing the leaking drum.

b. top the migration of any spilied fluid. This can be done by

placing the berm around perimeter of the spiil.
constructed using any type of absorbent material
vermiculite (Speedi-Dry), sand, rags, absorbent

C. Sclidifv any “ree standing “luid.
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c. Safetv zppavel sha”! be worn wnhen ceaiing witn stills invelving
PCB fiuids.

COUNTCZIMEASURES

The countermeasure operations are the cieanup and disposal of all
contaminated material that is a result of the spiil. The primary goal of
all cleanup activity is to maintain a safe environment.

a. Cleanup

1. Fluids: If the volume of fluids is great enough tc where
solidification is impractical, the liquid shall be pumped
into DOT 17E drums. These drums must be properly labeled
and dated. )

2. Solids: Any porous solids (soils, asphalt, wood, paper,
etc.) contaminated by the spill shall be placed into DOT I7H
(removal head) drums. These drums must be properly labeled
and dated.

3. Major Spills: In°the event that the spill exceeds the
control and cleanup capabilities that are onsite, an outside
contractor, who specializes in environmental cleanup and has
all permits and licenses required, must be contacted. This
contractor must be equipped to handle various types of
spills.

2naivs‘s. During the cleanup operations, sampiino. and analysis
must be performed. The analytical data are needed to present an
accurate picture of the following:

1.  The extent of the spill

2. The effectiveness of the cieanup operations
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3. The point in time when the ervircnment has been

cecontaninated.

Dissesal. The disposal of ali contaminated materials must e in
accorcance with the applicapia EPA roculations (40 CFR 7€1).

A1l work will be inspected by the tG&G Idano, Inc.
representative.

Transportation of hazardous waste tc the dispcsal site shail
conform to 40 CFR, Part 263. All Federal, state, and lccal
permits and labeling and approvals shall be compieted before the
shipment of waste from the transformer site.
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£5-522:3

" JTCHGZAR SPECIFICATION
1.0 GZNE22L

Provide and install switchgear with the transformer a2s referenced in the
data sheets. The switchgear shall consist of one or mcre enclosed
vertical sections joined together to form a rigid, free standing
assembly. The construction of the switchgear shail meet the requirements
of the NEC.

2.0 PRODUCTS

600 Volt: Switchgear shall be suitable for operation for 430 volt, 3
phase, 3 wire, 60 Hertz grounded service..

Vertical Sections: Vertical sections shall support the horizontal and
vertical buses, covers, and doors, and shall be designed to allow for easy
rearrangement of units. Vertical sections shall have structural
supporting members formed of a minimum of 13 gauge hot-rolied steel. Al}l
finished surfaces shall be blemish-free. Each section shall be 90 inches
high and shail have 7 gauge steel, 3 inches high, removable 1ifting angle
and two 1-1/2 inches high base channels. Complete control center lineups
shall be divided into shipping splits no wider than approximately 60
inches. A "*“ting angle shall be provided on the top of each shipping
split and s. ."] extend the entire width of the shipping split. Lifting
angles shall be designed to support the entire weight of the switchgear
and shall have access points or lifting eyes to facilitate handling. Base
channels shail be provided with holes to permit boiting the switchgear to
the floor. The entire assembly shall be constructed and packaged to
withstand all stresses induced in transit and during installation.
Switchgear shall be desicred so that matching vertical sections of the
same current rating and mnufacture can be added Tater at either end of
the lineup wthout use of transitiom sections and without difficulty.
Removable enc closing plates shalT be provided tc cicse off openings on
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the end of the Tineup. A removabie top plate shall e crovided on each
vertical section and shall be of one piece ccnstruction for adced
ccnvenience in cutting conduit holes. The design shail ailow use of the
standard concuit entrance area without significant sac or deformation of
the tep plate.

Vertical sections shall be designed to accommodate plug-on units in
front-of-board construction. Vertical sections housing plug-on units
shall be 15 inches deep.

Vertical sections shall be provided with both horizontal and vertical
wireways. Sufficient clearances shall be provided in the horizonta)
wireway so that no restriction is encountered in running wires from the
vertical to horizontal wireway. Wireways shall be in accordance with the
wireways section contained in this document.

Horizontal Wireways: Horizontal wireways shall be provided in the top and
bottom of each vertical section and shall be arranged to provide full
length continuity throughout the entire assembly. The top horizontal
wireway shall have a cross sectional area of not less than 20 square
inches with openings between sections of not less than 11-1/2 square
inches. The bottom horizcntal wireway shall extend through the length and
depth of the 11-1/2 square inches to allow for full length continuity
throughout the entire assembly. The bottom horizontal wireway height
shall be not less than 9-1/4 inches. Covers for all wireways shall be
equipped with captive type screws to prevent ioss of hardware during
installation. All wireways shall be isolated from the bus bars.

Vertical Wireways: A vertical wire trough shall be located on the

right-hand side of each vertical section and shall extend from the top
horizontal wireway to the bottom of the availabla unit mounting space.
€ach vertical wire trough shall have a cross-sectional area of not less
than 19 square inches and shall be isolated from the bus bars to guard
against accidental contact. A separately hinged door having captive type
screws shail cover the vertical wire trough to provide easy access to
control wiring without disturbing the unit.
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Reusable wire ties shall be furnished in =ach vertical wire trough for the
purpose of grouping and securely holding wires in place for a reat and
orderly installation.

Bus Bars: A continuous main 3-conductor horizontal tus shaii be provided
over the full Tength of the switchgear. When necassary, the bus shall te
split to allow for ease in muving and handling. Spiice bars will be
supplied to join the bus whenever a split has been made. All splice
connections shall be made with at Teast 2 bolts. Horizontal busbars shall
be mounted edgewise and supported by insulated bus supports. Insulation
shall be used as required by NEMA standards and shall te dated at no less
than 600 VAC.

for distribution of power from the mein horizontal bus to each unit
compartment, a 3-phase vertical bus shall be provided. The vertical bus
shall be firmly boited to the horizontal bus for permanent contact.

The main horizontal and vertical buses shall be made of copper and the
entire length shall be electrolytically tin plated to provide maximum
protection to the bus bars from normal or adverse atmospheric conditions.

The main horizontal bus rating shall be a minimum 800 amperes continuous.

Vertical bus rating shall be a minimum of 300 amperes for adequate current
carrying capacity. Continuous current ratings shall be in accordance with
temperature rise specifications set forth by UL, ANSI, and NEMA standards.

A copper ground lug shall be provided in each incoming line vertical
section capable of accepting Na.8 to 350 MCM cable. A horizontal (and
verticai) tin plated copper ground bus shall be provided in each section
of the switchgear. Horizontal ground bus shall run continuously
throughout the switchgear except where splits are necessary for ease of
shipment and handling in which case splice bars shall be provided. Ground
bus shall be tin plated copper. Harizontal grcund bus shal) be located at
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the bottom of the switthgear. Vertical greund tus snall run paraliel to
the power distribution bus in each vertical section. Cesign shail be such
that for any plug-con unit the ground bus stab shall make contact with the
grcund bus before the power bus contact is made.

Sus Barwiers: Insulated horizontal and vertical bus barriers shall be
furnished to raduce the hazard of accidental contact with the bus.
Barriers shall have a red color to indicate proximity of energized buses.
Vertical bus barriers shall have interlocking front and back pieces to
give added protection on ail sides and shall segregate the phases to
reduce the possibility of accidental "flash over.” Small, separate
openings in the vertical bus barriers shall permit unit plug-on contacts
to pass through and engage the vertical bus bars. Bottom bus covers shall
be provided below the vertical bus to protect the ernds of the bus from
accidental contact with fish tapes or other items entering from the bottom

of the enclosure.

Controls and Msters: A1l new service panels shall be equipped with the

following:

KiTawatt Meters. Type II, Class 3, Style B and shall have provisions for
pulse inititation. Kilowatt meters shall be flush switchboard type as
indicated on the drawings and shall be totally compatible to each
particular application. Kilowatt meters shall be of one manufacturer,
secondary type.

. The meters shall have an electronic demand register. The
register shall be used to indicate maximum kilowatt demand as
well as cumulative basis. It shall have provisions to be
programmed to caiculate demand on a rolling interval basis.

. The register shall be of modular design. The electronic module,
containing ali the program variables, shall be able to be easily
removed from the mechanical register for programming, maintenance
and trouble shooting.
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the bottom of the switchgear. Vertical grcund bus snall run paraliel to
the power distridution bus in each vertical secticn. Cesign shall be such
that for any plug-cn unit the ground bus stab shall make contact with the
ground bus before the power bus contact is made.

Bus Barviers: Insulated horizontai and vertical bus barriers shall be
furnished to raduca the hazard of accidental contact with the bus.
Barriers snall have a red color to indicate proximity of energized buses.
Vertical bus barriers shall have interlocking front and back pieces to
give added protection on ail sides and shali segregate the phases to
reduce the possibility of accidental “flash over."” Small, separate
openings in the vertical bus barriers shall permit unit plug-on contacts
to pass through and engage the vertical bus bars. Bottom bus covers shall
be provided below the vertical bus to protect the encs of the bus from
accidental contact with fish tapes or other items entering from the bottom
of the enclosure. )

Controls and Meters: All new service panels shzll be equipped with the

following:

KiTowatt Meters. Type II, Class 3, Style B and shall have provisions for
pulse inititation. Kilowatt meters shall be flush switchboard type as
indicated on the drawings and shall be totally compatible to each
particular application. Kilowatt meters shall be of one manufacturer,
secondary type.

. The meters shall have an electronic demand register. The
register shall be used to indicate maximum kilowatt demand as
well as cumulative basis. It shall have provisions to be
programmed to calculate demand on a rolling interval basis.

. The register shall be of modular design. The electronic module,
containing all the program variabies, thall be able to be easily
removed from the mechanical register for programming, maintenance
and trouble shooting.
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ATl electronic mocduies snall be physica
interchangead:e.

A frictioniess optical assembly, mountec directly 0 the meter
frame, generating 12 puises per meter cisc revolution fer input
to the electronic recister shall be provicded.

fach kilowait meter shall also be complete with a £-dial
mechanical kiiowatt hour register.

Meters shall be 3 stator, 120 volt for use on 2 wire Y, 3-phase
system.

Meter multiplier shall be shown on the face plate and shall be
the product of the indicated current transformer and potential
transformer ratio.

Draw out arrangement for meter removal incorporating
automatically short circuit current transformer circuits.

Meter covers shall be polycarbonate resin.

Meter detent to prevent negative registration Ly restricting the
backward rotation of the disk.

The normal billing data scroll shall be fuily programmable. The
following items shall be displayed in the data scroll:

- Kilowatt hours

- Maximum demand

- Cumulative or continuously cumulative
- Number of demand resets

- Time remaining in interval

- End-of-interval indication

- New maximum demand indication
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The register shail incorporats a Suilt-in “est mode that allows
it to be tested without the need for any sgecial tsols or other
accessories and saves data and constants >
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test. The following guantities snall e avaiil
the test mode:

- Time remaining in demand intervs)

- Present interval’s accumulating cemand

- Maximum demand

- Number of impulses being received by the registar

Pulse initiator with programmable ratios selection.

Battery with battery port for quick changes.

Meters shall be programmed after installaticn.

Meters shall be tested, calibrated, and certified after
instailation.

Self-monitoring ta provicde for stored data check sum error, ROM
and RAM checksum error, battery fault, and unprogrammed register.

Liquid crystal display, § digits, blinking squares confirm
register operation.. Large digits for data and smailer digits for
display identifier.

Display operations, programmable sequence with display
identifiers. Qisplay identifiers shall be selectable for each
item. Continualiy sequence with time selectable for each item.

Li»zuit Breakers: Molded 8 cjrcuit breakers shal” be furnished in

branch feeder units using c.-~cuit breakers as a cisccnnect means. A}l

circuit breakers will have a pusn-to-trip test feature for testing and
exercising the trip mechanism. Breakers shall be UL listed for a minimum
of 22,000 amperes RMS symmetrical fault withstandadility.
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Main breakers (480 velt panels cniy) shall be eguipred with auxiliary
centacts and shunt trip coils. Optional electrical operation mechanisms
chall be proposed for possible use it funding ieveis are aceguate.

-dentificatign: A control center identificaticn namepiats with factory

identification numpers and characteristics shail Ce fastened on the
vertical wire trcugh door of every section. tach unit shall have its own
identification nameplate fastened to the unit saddle. These namenlates
shall have suitable references to factory records for efficient
ccmmunication with supplier. Each unit shall also have an engraved
nameplate fastened to the outside of the unit door for ease in
identification and for making changes when regrouping units. Main
breakers (480 panels only) shall be equipped with auxiliary monitoring
contacts and shall be equipped with short trip controls. Optional
electrical operations shall be proposed for possible use if funds are
adequate.

Wiring: The switchgear wiring shall be NEMA Class II, Type B.

As defined by NEMA Standard ISC-2-322, Class Il switchgear shall include
the necessary electrical interlocking and interwiring between units.

Type B wiring shall include terminal blocks mounted on 1ift out brackets
in the units.

Terminal blocks shall be quick separating pull-apart solderless box lug
type or equal.

Finish: All metal structural and unit parts shall be completely painted
using an electrodeposition process so that the interior and exterior
surfaces as well as bolted joints have a complete finish coat on and
between them.
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3.1 Following tests shail be performed and rasulis recocrded. A31 the
TEZI, NZMA| and ANSI
Stancards where such stancards are definitive. A1l .est cata inciuding Sut

equipment tests shall be performed in accorzance w'*h

rot limited to test circuitry, faulty ecuipment, and remedial ac4ion will
ce reccrded, certified, correlated, bound, and furaished to the Cwner.

a. Wiring continuity - point to point check and verification with the
wiring diagrams.

b. Wiring insulation - check to ground - megger at 6C0 veolts.

c. Power of proper amplitude and frequency shall be applied to all AC and
OC circuitry. Three-phase potential and current of proper frequency,
shall be applied to all applicable AC connections.

d. Polarity tests of all AC and DC circuitry. Three-phase power and
phase angle meter shall be used to make AC pclarity test on power
feeds and metering circuits.

e. Functional tests shall be performed on all egquipment to indicate
proper operation cf all protection, metering, and control equipment.
Power circuit breaker simulators shall be employed for the primary bus
to verify proper operation of all equipment.

f. The Owner may at his option provide specific relay and metering test
forms to be complied with, otherwise the Seller snail submit 2 copies
of Seller’s standard test forms for review by the Engineer.

g. All "as left" test values shall be recorded and shall be within

manufacturer’s tolerances. Manufacturer’s tolerances shall be
indicated on the test forms.
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n. The intent of *he accas*tance test s L0 Zet2rmine Inat tne meters and
relays have not sustained damaged curing smigment frem the
manufactyrer and that the meters and relay caiicrations have not been
disturped. 1f tne examination or test incicates tnat re-adjusiment i
necessary, the relay shail e repaired anc/cr calitratad ac ver

manufacturer’s instructicns.
3.2 The Owner and/or Engineer may elect to visit the Seller’s facilities

on completion of fabrication of the eguipment t2 inspect the equipmeni ind
witness testing as outlined in Section 3.1.
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ES-51334

SPECIFICATION
FOR THE PURCHASE AND INSTALLATION OF
CAST COIL TRANSFORMERS AT THE
SAN DIEGO NAVAL FACILITY

1. SCOPE

1.1 Scope. This specification covers the design, fabrication, testing,
installation, and inspection of cast coil, dry-type, power transformers and the
removal of existing polychlorinated biphenyl (PCB) transformers, handling of
PCB fluid, and obtaining the permits required for hauling hazardous waste. The
intent is to make a turnkey replacement with advanced technology transformers
including any equipment needed to replace the existing transformers. They will
be used to provide the Navy with performance data on these advanced technology

devices.

1.2 Applicability. It is not the intent to specify details of design and
construction except where necessary to establish performance requirements, nor
is it intended to set forth those performance requirements, which are
adequately specified in applicable standards.

A1l components of the transformers shall be new and function in a
satisfactory manner within their rated capacity under the specified service
conditions regardiess of whether all necessary specific performance
requirements are set forth herein or in applicable standards.

2. APPLICABLE DOCUMENTS
The following documents form a part of this specification to the extent

specified herein. The issue of a document and amendments in effect on the date
of publication of this specification shall apply.
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2.1

2.2

2.3

£S-51334

American National Standard Institute (ANSIY.

ANSI-C57 12.01

ANSI-C57 12.70

ANSI-C57 12.80

ANST-C57 12.91

ANST-C57 12.94

ANSI-C57 12.96

ANSI-C57 12.98

General Requirements for Dry-Type Distribution and
Power Transformers

Terminal Markings and Connections for Distribution and
Power Transformers

Terminology for Power and Distribution Transformers

Test Code for Dry Type Distribution and Power
Transformers

Recommended Practice for Installation Application,
Operation, and Maintenance of Dry-Type General Purpose
Distribution and Power Transformers

Loading Dry-Type Distribution and Power Transformers

Guide for Transformer Impulse Tests

C2-1989 National Electrical Safety Code
235.1 Specifications for Accident Prevention Signs
National Electric Manufacturers Association (NEMA).

NEMA TRI-1974

Transformers, Regulators, and Reactors

National Fire Protection Association (NFPA) Publication.

NFPA 70

National Electrical Code
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2.4 (Qthers.

IEEE 400-1980

NEESA 20.2 - C28a
OPNAVINST 5090.1
29 CFR

40 CFR 263

40 CFR 761

49 CFR 172

49 CFR 173
California CAC
Title 22,
Civision 4

PWC San Diego

MIL-P-2864]

MIL-Q-9858A

ES-51334

IEEE Guide for Making High Direct Voltage Tests on
Power Cable Systems in the Field

PCB Compliance, Assessment, and Spill Control Guide
Environmental and Natural Resources Protection Manual
General Industry Safety and Health Standards

Standards Applicable to Transporters of Hazardous Waste
Polychlorinated Biphenyls (1979)

Hazardous Materials Tables and Communications Standards

General Requirements for Shipping and Packaging

Environmental Health
Utility Standards

Primer Coating, Vinyl Chlorine Acetate, Copolymer, High
Build (for steel and masonry)

Quality Program Requirements

3. TECHNICAL REQUIREMENTS

3.1 General. The transformers shall have low loss metal cores and shall be
three phase three-winding, self-cooled, dead front, suitable for installation
indoors or outdoors, or as specified in the attached data sheets in
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Appendix A. They shall have primary and secondary compartments that shall
enclose all termination devices so that no live parts are exposed when the
transformer is energized. Unit substation transformer installations are exempt
from the dead front requirement. The transformer and installation shall meet
all applicable requirements of the ANSI, ASTM, NEC, and NEMA publications as
specified herein. The transformer shall be of new construction. The
successful bidder shall be responsible for all field modifications,
measurements, provide installation and checkout, and turn the transformer over
to the operations department, PWC San Diego, through the EG&G Idaho, Inc.
Resident Engineer, ready for operation.

3.2 Electrical Products. A1l materials, arpliances, equipment, or devices
shall conform to the applicable standards of the Underwriter’s Laboratories,
Inc. (UL) and applicable chapters of the National Electrical Code (NFPA 70),
where such standards exist. All materials, appliances, equipment, or devices
shall be listed and/or labeled by UL, where such standards exist.

3.3 (Condition of Products. Except as otherwise indicated, new electrical
products free of defects and harmful deterioration shall be provided at the
time of installation. Each product provided shall be complete with trim,
accessories, finish guards, safety devices, and similar components specified or
recognized as integral parts of the product, or required by the governing
regulations.

3.4 Uniformity. Where multiple units of a product are required for the
electrical work, identical products shall be provided by the same certified and
approved manufacturer without variations except for sizes and specific
variations as indicated.

3.5 TJest Point Observation. The successful bidder shall supply EG&G Idaho
with a flow sheet for the manufacture of each transformer indicating all test
points. The successful bidder shall notify EG&G Idaho, in writing, of the date
that each test will be conducted at least 14 days before that test and will
admit EG&G Idaho and government representatives to witness the tests.
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3.6 Performance Reguirements.

£S-51334

Each transformer shall comply with the

following performance requirements as specified in ANSI-C57 12.00, except as

noted in the data sheet in Appendix A.

Transformer Rating

Auxiliary Cooling

Primary Voltage

Primary Connection

Frequency and Phase

Secondary Voltage

Secondary Connection

Temperature Rise

Taps - No-Load

As specified in Appendix A.

forced air provisions, fan mounts, and
temperature sensor access points as a minimum
shall be provided for future. Refer to the
data sheets in Appendix A for special
instructions.

ARs specified in Appendix A. Note special
dual voltage reauirements.

As specified in Appendix A.

60 Hertz, 3 Phase

As specified in Appendix A. Note special
dual voltage requirements.

Wye connection with neutral to be brought out
through an insulated bushing with external
ground strap.

80*C, per NEMA TRI-1974
Minimum of five full capacity high voltage
taps (two 2 1/2% taps above and 2 1/2% taps

below normal voltage and tap position
indicators).
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Insulation Levels
Primary Voltage

Secondary Voltage

Coil Construction

Impedance

£ES-51334

95 KV BIL for Insulation Class 15 KV and 75
KV BIL for Insulation Class 5 KV. Based on
specific voltage ratings, which are in the
data sheets in Appendix A.

30 KV BIL for Insulation Class 600 V. For
specific voltage ratings, see the data sheets
in Appendix A.

HV and LV windings shall be cast as separate
rigid tubular coils and arranged coaxially.
Transformers 300kVA and under may be
constructed using approved non-tubular
connected coils. Each cast coil shall be
fully reinforced with fiberglass cloth and
tape (or equivalent) and cast under vacuum in
a mold to ensure complete, void-free resin
impregnation throughout the entire insulation
system. Coils shall be supported by cast
epoxy bottom supports and spacer blocks (or
equivalent) and spring loaded top blocks (or
equivalent) and have no rigid mechanical
connection. Both primary and secondary
windings shall be copper or approved low loss
aluminum. Approval is based upon showing
optimal loss evaluation cost performance
values.

As specified in the data sheets in Appendix A
with the following guidelines:

1. The minimum allowable impedance for
transformers 750 KVA and above is 4.0
percent.

2. The minimum allowable impedance for
transformers 500 KVA is 3.5 percent.
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No-Load Loss

Load Loss

Sound Level

Core Material
(General)

Core Material
{Amorphous)

£S-51334
3. The tolerance is +/- 7 1/2 % except for

the transformers with dual rated primaries
which shall have an impedance tolerance of
+/- 10 %.

The no-load losses (core loss) shall be
optimized per the evaluation formula provided
in the attached bid pacxage/Request for
Proposal (RFP).

The load losses (winding losses) shall be
optimized per the loss evaluation formula
provided in the attached bid package/RFP.

Shall not exceed noise level per NEMA
standards.

The core shall be assembled with low loss,
silicon steel sheets and shall be properly
braced and assembled. The specific type of
Tow Toss silicon steel is to be determined by
the manufacturer to meet the lowest total
operating costs and optimize no-load losses.
However, the intent of this replacement
program is to install advanced technolc: -
transformers wherever it is economicall
feasible. The use of amorphous metal, .ser
etched steel, or other advanced technology
core material is encouraged in order to meet
low operating cost criteria.

This section only applies to those devices
specified with an amorphous metal core. The

transformer shall be constructed of low Joss
amorphous metal in a wound or stacked cc 2
design as designated in the RFP. The
complete core assembly shall be fully
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encapsulated with a protective coating of

approved material to eliminate sharp edges
and prevent flaking particles and to protect
the core from corrosive products. The
no-load loss shall be less than 45% of those
for comparable silicon steel core designs.

It is known that wound core is standard.
However, a few of the options in the data
sheets specifically require that stacked core
will be treated as a research project to get
a "new" technology unit. The other amorphous
core devices can be wound (or stacked) at the
manufacturer’s discretion.

3.7 Environmental Conditions.

Elevation 50 feet above sea leve]
Location Indoor/outdoor (See Appendix A.)
Temperature Range 0°C to 40°C

3.8 Accessories. The transformer shall have the following accessories as a
minimum. The accessories shall be constructed and located as described in
ANSI-C57 12.00.

. Elbow terminators, fuses, and load breaker switches as called out in
Section 3.6, primary connection section, and per individual data
sheets in Appendix A.

. Dial type thermometer with alarm contact of sufficient capacity to
control the future fan coniactse and an additional contact for a
future utility control system. Thermometer shall monitor the hottest
secondary coil phases.

. Tap changer (de-energized operation only).

. Lifting, moving, and jacking provisions.
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Stainless steel/aluminum nameplate with information reguired in
ANSI-C57 12.00 on the transformer exterior. (note: stainless steel
is preferred)

Ground pads.

A junction box shall be located on the transformer nameplate and
contain a terminal board for all electrical circuits entering or
leaving the junction box. The junction box shall have a hinged door
with a gasket and a handle with provisions for padlocking. A1l
electrical circuits from components mounted within the transformer
shall run to this terminal board.

An optional coil surface tempe-ature sensing thermocouple shall be
mounted in the prevailing transformer thermal hot spot for each
secondary phase coil. As a minimum, provisions for adding a future
thermocouple shall be provided even if the option for the coil surface
temperature sensing thermocouple is not added. Each thermocouple
shall be installed such that .. will preclude circulating air
influence. These three thermocouples will provide input to an
electronic temperature monitor. This instrument shall respond to the
hottest phase temperature and automatically display this reading. An
analog meter shall continuously display the hottest phase temperature
and indicate individual phase readings or the maximum temperature
reached over a period of time. Light emitting diodes are not
acceptable. The highest temperature shall also be used to initiate
alarm and trip functions and is stored for future recall until the
maximum temperature memory is cleared. Fail safe alarm relay circuits
automatically actuate if supply power has been lost. Maximum
temperature can be recalled even if supply power has been

interrupted. A self-test procedure allows set points to be determined
and their operation verified. Alarm and trip set points will be
tested from the front panel. Open thermocouple circuits are detected
and indicated, but do not affect instrument operation. Manual control
of alarm and test functions shall be provided. A1l input and output
connections shall be made to the terminal blocks on the back of the
instrument. The set points of this thermal device shall be
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adjustable, and two sets of alarm and trip contacts shall be

provided. The alarm contacts on the temperature indicator shall be
factory wired and brought out to the terminal blocks on the exterior
of the transformer enciosure. The terminal blocks shall be mounted in
the junction box. A thermometer with a remote sensing bulb is not
acceptable. The thermocouple shall be removable without disconnecting
the electrical wiring. The temperature monitor system shall be
graduated in degrees centigrade and shall be tested at 200°C

before installing on the transformer. The thermally operated device
shall be coordinated with the transformer design and shall be
connected and set to function as follows:

- First stage shall be adjustable and set at 140°C temperature
at which the substation audible bell alarm is activated.

- Second stage shall be adjustable and set at 155°C temperature
at which the transformer is isolated by removing the electric
load and tripping all the power circuit breakers via the circuit
breakers’ shunt trip coils (by others in the future).

3.9 Enclosure Construction. The enclosure shall be constructed of heavy gauge
painted sheet steel. All ventilating openings shall be in accordance with NEMA
and National Electric Code standards for ventilated enclosures. The base shall
be constructed of structural steel members to permit skidding or rolling in any
direction. Stainless steel enclosures for outdoor transformers are not
required, but optional prices for stainless enclosures are requested.

The core shall be grounded to the frame in accordance with appiicable NEMA
and ANSI standards.

3.10 Paint. The color of the finished transformer shall be (37.20 Federal
Standard 595 dark forest green enamel.

3.11 Miscellaneous Requirements.

3.11.1 Insulated Phase Barriers. Primary or secondary insulated phase

barriers shall be provided.
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3.11.2 Undercoating. Transformers, which have bases that come in contact
with concrete, shall have the underside of their bases coated with a corrosion
resistant coating that conforms to Military Specification MIL-P-2B8641 (or an
equivalent) with a minimum thickness of 4 mils.

3.11.3 MWarning Signs. In accordance with ANSI Z35.1, warning signs shall

be provided for the enclosures of electrical transformers having a nominal
voltage rating of 500 volts or above.

3.12 Provisions for Fan Cooling. The transformer, 500 KVA or larger, shall

have provisions for future fan cooling (by cthers). As a minimum, fan mounting
brackets and dial thermometers with control contacts shall be provided.

3.13 Jesting. The following tests shall be performed in accordance with NEMA
TRI, ANSI-C57 12.91, and ASTM Standards as listed by the associated tests. All
testing, except the field tests, shall be done at the factory, and the
certified results shall be submitted to the buyer for approval before shipment
of the transformer. Field tests shall be performed unless specifically denied
by EG&G Idaho and shall also have certified test procedures and results if
opted by EG&G Idaho. A1l tecting included in this Specification shall be
performed and costs must be included in the transformer purchase price.

The purchaser reserves the right to witness any or all tests, and the
vendor shall notify the purchaser 14 days in advance of the date for conducting
any test {see Section 3.5).

Field tests shall be conducted by representatives of the manufacturer and
shall be completed after the transformer has been set in place and before the
primary and secondary connections are made. These tests shall be as described
in Section 3.13.2.

The tests below shall be made on each transformer as a minimum

requirement. The order of listing does not necessarily indicate the sequence
in which the tests shall be conducted.
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3.13.1 factory Flectric TJests.

10.

11.

12.

Coil resistance measurements of ail windings on the rated voltage
connection and at the tap extremes.

Turns ratio test on the rated voltage connections.
Polarity and phase relation tests on the rated voltage connection.

No-1oad loss at rated secondary voltage on the secondary voltage

connection.
Exciting current at rated voltage on the rated voltage connection.

Impedance and load loss at rated current on the rated voltage
connection and orn tap extremes.

Temperature rise tests under conditions specified in ANSI Standards
for transformers (typical temperature rise of the "exact" design may
be substituted with written approval).

Dielectric test.

Applied potential test.

Induced potential test.

Impulse test.

Partial discharge test (Note: this test is not covered by ANSI-C57
12.91), test at 1.5 times the rated voltage and 400 Hertz (or equal).
If partial discharge does not extinguish by 110% of rated voltage, the
transformer shall be rejected. Optional standard factory test methods

must be approved by the Resident Engineer before they can be
substituted for this test.
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3.13.2 Field Tests. Field tests shall be performed as part of
installation. Test reports shall be certified for methodology and accuracy.

No-load loss as measured from the secondary winding at ambient
temperature (ANSI-C57 12.9). Record both ambient and top oil
temperatures. Conduct this test on both the existing transformers to
be removed and the new transformers. Record ambient temperatures on
the test reports.

Insulation power factor (Method II ANSI-C57 12.90, Section 10.9) Doble
Test or equal. (Insulation power factor to be 0.9 or less.)

Before energizing transformer, test transformer turns ratio (TTR) at
all tap settings. Megger all leads before connecting them to the
transformer and check the leads for grounds using a VOM before any
connections are made. Any lead with a Megger reading of less than
10 megohms shall be replaced.

4. QUALITY ASSURANCE rROVISIONS

Unless otherwise specified, the supplier is responsible for all
examinations and inspections as specitied herei:. The vendor shall maintain a
Quality Assurance Program in accordance with MIL-Q-9858A or an approved equal
during the performance of the contract, which provides adequate quality
assurance and control throughout design, fabrication, testing, inspection, and
shipping of the transformer. The vendor shall provide the documents describing
the Quality Assurance Program and containing the procedures that will be
invoked to comply with the above. An Insp-:tion and Test Procedure shall be
prepared and submitted to the buyer for ap;.-oval. Final inspection and test
reports as required by this Specification shall be submitted to the buyer for
approval. The vendor shall maintain a calibration sys*em for the periodic
calibration of test instruments to standards traceable to the National Bureau
of Standards.

Vendor data shall be submitted per atic.ned "Vendor Data Requirements List"
(see Appendix B).
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5. PACKAGING

The transformer shall be prepared for shipment within the Continental
United States. A1l accessories shall be protected from damage. The
transformer shall be sealed to prevent entry of moisture or foreign materials
during shipment. Documents as indicated in Appendix B shall be required.
Shipping is the responsibility of the supplier as part of the total
installation package.

6. SUBMITTALS

Within 30 days of receipt of the order, the vendor shall furnish the
purchaser all necessary outline drawings and weights of the transformers.

6.1 Shop Drawings and Manufacturer’s Data. Shop drawings for transformers
shall indicate, but shall not be limited to, the following:

Overall dimensions, front view, interfaces with existing equipment,

and sectional views.
Ratings and sizes of lugs, impedance, taps, and fans.

Manufacturer’s published main secondary breaker and feeder devices at
each transformer to allow designer to provide settings, which will
ensure that proper protection and coordination will be achieved.

Complete list of parts and/or supplies with current unit prices and
source of supply.

6.2 Certified Laboratory Test Data. Certified copies of reports of all tests
shall be submitted as required.

6.2.1 ITransformer Jests. Transformer test shall be performed in
accordance with the ANSI-CS57 12.91 for dry-type transformers standard test code
and Section 3.13. Certified copies of test data for the tests shall be
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submitted and shall receive approval before delivery of equipment to the
proieszt site. Field test data sheets shall be submitted within 14 days after
tes. _.ompletion.

7. DEMOLITION AND CONSTRUCTION

7.1 Demolition and Construction General Requirements. The vendor shall

furnish technical personnel to be present at the site to perform, as a minimum,
the following tasks (see Appendix C). Permits for PCB fluid and transformer
casing transport shall be obtained by the successful bidder before removal.
Note that OSHA regulations require workers handiing PCBs to be properly trained
and certified.

Request and have the operating Contractor (PWC personnel) de-energize
the existing transformers.

Test the existing transformers for no-load loss, record data, and
submit in writing to the Resident Engineer.

Drain the PCB fluid from each transformer into approved drums, seal,
and deliver it to the interim hazardous waste storage area at the
base.

Purge the transformer case with dry nitrogen gas and seal.

Remove anc  ‘'ijver the transformers to the interim hazardous waste
storage are. at the bz .e as designated by the Resident Engineer.

Provide and install new transformers and test per Section 3.13.2.
Request PWC personnel to energize the system.

Verify proper operation and turn the operating transformer over to
EG&G Idaho for remanding to PWC San Diego.

The EG&G Idaho’s Resident Engineer shall coordinate all outages and provide
interface between the successful bidders, installers, and the operating
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Contractor (PWC). PWC Code 640 is responsible for manifesting all PCB
(hazardous waste) activity, and PWC shall be contacted though the EG&G Idaho

Resident Engineer.

7.2 Draining. Service shall include removal, packaging, and transporting [to

a Defense Reutilization and Maintenance Organization (DRMO) hazardous waste .
staging area] of the PCB or PCB contaminated fluid initially drained from the .
transformers. DRMO waste shall be clearly labeled with the contents, level of .

contamination, its source, and manifested by PWC Code 640. -

The Subcontractor must review and comply with the minimum Outline Spill
Prevention, Control, and Countermeasures (SPCC) Plan procedure before draining
fluid from a PCB transformer (see Appendix D). Appendix D details the SPCC
requirements that the Subcontractor must observe.

7.3 Transportation and Disposal. All hazardous waste material shall, as a
minimum, be contained in Department of Transportation (DOT) approved containers
from point of removal until delivered to final disposal site. The following
are methods of handling wastes and are subject to the requirements of 40 CFR,
Part 263 and 49 CFR, Parts 172 and 173 and shall be superseded if the
regulations are amended.

1. Drums shall be DOT approved for hazardous waste: 17E for fluids,
17H for porous solids, and 17H for rags and solvent.

2. Bulk containers shall be six sided, welded steel construction,
lined with a minimum of 10 mil plastic sheet, and watertight.
The container shall be handled by a truck specially fitted to
transport the container from generation point to disposal point.
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APPENDIX A
TRANSFORMER DATA SHEETS
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Transformer ldentification

Location

Size

Primary Voltage
Primary Winding Type
Secondary Voltage
Secondary Winding Type
Percent Impedance

Primary Switch

Primary Connection

Secondary Connections

Secondary Breaker
Maximum No-Load lLoss

Maximum Full-Load Loss

£5-51334
TRANSFORMER DATA SHEET
(PWC65-0LD) CCE9-NEW *
BLDG 94 _ OUTDOORS
750/1000 KVA **

2.4/12 KV DUAL e

DELTA

480 V

WYE-GROUNDED

S %

NEW 3 POLE 15 KV 600 AF/300 AT FUSED
SWITCH

PROVIDE TRANSITION CUBICLE TO NEW
SWITCH

PROVIDE NEW COPPER BUS CONNECTIONS

JO NEW SECONDARY SWITCHGEAR. PROVIDE
AND INSTALL NEW SECONDARY SWITCHGEAR
PER SKETCHES. (SEE APPENDIX E OF
THIS DOCUMENT.)

PROVIDE AND INSTALL NEW SWITCHGEAR
PER ATTACHED SKETCHES

DETERMINED PER LOSS EVALUATION IN RFP

DETERMINED PER LOSS EVALUATION IN RFP

* This is a replacement of transformer PWC #69, an existing 500 KVA 3
phase 480 V PCB transformer.

* Supply fan to achieve higher rating.

***  Dual voltage primary winding is an option. Regardless of whether
the option is exercised, the 2400 VAC primary must be supplied. If
the option is exercised then taps shall be provided Tor the higher

rating (12 KV).
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£S-51334
TRANSFORMEIR DATA SHEET

Transformer ldentification

(PWZ73-0L0) CC7C-NEW *
Location ELDG G4
Size 300 KvA
Primary Voltage 480 V
Primary Winding Type DElTA
Secondary Voltage 2087120 V

Secondary Winding Type
Percent Impedance
Primary Switch

Primary Connection

Secondary Connections

Secondary Breaker
Maximum No-load Loss

Maximum Full-lLoad Loss

* Consolidation replacement of existing PCB transformers (#70 and
#71). See sketches SD 1, 2, and 3 for additional information.

WYE-GROUNDED

3.0

N/A

NEW FEED FROM NEW SWITCHGEAR

{SEE CCEY)

NEW CABLE AND CONDUIT CONNECTIONS TO

EXISTING SWITCHGEAR (2 places)

EXISTING BREAKER PER ATTACHED SKETCH

DETERMINED PER LOSS EVALUATION IN RFP

DETERMINED PER LOSS EVALUATION IN RCP
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ES-51334
TRANSFORMER DATA SHEET

Transformer ldentification _(PWC16-0LD) CC16-NEW *

Location BLDG 342

Size 112.5 KVA bulel

Primary Voltage 2.4/12 KV _DUAL haalal

Primary Winding Type DELTA

Secondary Voltage 4807277 V

Secondary Winding Type WYE -GROUNDED

Percent Impedance 3.0

Primary Switch NEW 3 POLE 15KV SOAF FUSED

Primary Connection TRANSITION AND CABLE TO NEW SWITCH

Secondary Connections REUSE EXISTING --- SPLICE TERMINATION
FOR CONNECTIONS TO EXISTING
SWITCHGEAR

Secondary Bre..er REUSE EXISTING BREAKER -NO CHANGES

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

* Replacement of existing 112.5 KVA PCB transformer.

* Optionally propose and construct this unit with an amorphous stacked
core, as per specification.

**+*  Dual voltage primary winding is an option. Regardless of whether
the option is exercised, the 2400 VAC primary must be supplied. If
the option is exercised then taps shall be provided for the higher
rating (12 KV).
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£S-51334

TRANSFORMER DATA SHEET

Transformer ldentification _(PWC48-0LD) CC48-NEW *
Location BLDG 473

Size 112.5 KVA

Primary Voltage 2.4 KV

Primary Winding Type DELTA

Secondary Voltage 208/120

Secondary Wir 'ing Type
rercent Impedance
Primary Switch
Primary Connection

Secondary Connections

Secondary Breaker
Maximum No-Load Loss

Maximum Full-Load Loss

WYE-GROUNDED

3.0

REUSE EXISTING SWITCH
NEW TRANSITION TO EXISTING SWITCH

PROVIDE AND INSTALL NEW SECONDARY

TJRANSITION CUBICLE

REUSE EXISTING SWITCHGEAR
DETERMINED PER LOSS EVALUATION IN RFP
DETERMINED PER LOSS EVALUATION IN RFP

* Replacement of existing PCB transformer.
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Transformer ldentification

Location

Size

Primary Voltage
Primary Winding Type
Secondary Voltage
Secondary Winding Type
Percent Impedance
Primary Switch

Primary connection

Secondary Connections

Secondary Breaker

Maximum No-load Loss

Maximum Full-Load Loss

A4f4-------I-I-IIIIllIllllllllIlllIIl.-..|

£S-51334

TRANSFORMER DATA SHEET

_(PWC4:s-0L D)

CCAB-NEW *

BLDG 472 QUTDOORS **

1500 KVA

12 KV

DELTA

480/277 V

WYE - GROUNDED

5.75

REUSE OF EXISTING SWITCH *hw

NEW TRANSITION TO EXISTING SWITCH

COPPER BUS CONNECTIONS TO NEW

SWITCHGEAR

REUSE EXISTING BREAKER AND SWITCH-

GEAR

ik

DETERMINED PER LOSS EVALUATION IN RFP

DETERMINED PER LOSS EVALUATION IN RFP

* This will replace existing PCB 1500 KVA transformer.
* Use corrosion resistant external packaging, NEMA 3R minimum.
provide optional ccst to include stainless steel rain cap.

***  Include cost proposal to replace these switches as an option.
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£S-51334
TRANSFORMER DATA SHEET

Transformer ldentification _ (PWC26-0LD) CC26-NEW *

Location

Size

Primary Voltage
Primary Winding Type
Secondary Voltage
Secondary Winding Type
Percent Impedance

Primary Switch

Primary Connection

Secondary Connections

Secondary Breaker

Maximum No-Load Loss

Maximum Full-Load Lass

BLDG 378-6 OUTDOOR

500 KVA

12 KV

DELTA

4807277 V

WYE-GROUNDED
5.75

REUSE EXISTING AIR INTERRUPTER SWITCH
600 A

JRANSITION FROM EXISTING SWITCH

PROVIDE AND INSTALL NEW CONNECTIONS
JO_EXISTING SWITCHGEAR EXTEND IF
REQUIRED

REUSE EXISTING 800 A SECONDARY
BREAKER AND SWITCHGEAR

DETERMINED PER LOSS EVALUATION IN RFP

DETERMINED PER LOSS EVALUATION IN RFP

* Replacing existing 500 KVA PCB transformer.

No diagram provided.
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Transformer ldentification

Location

Size

Primary Voltage
Primary Winding Type
Secondary Voltage
Secondary Winding Type
Percent Impedance

Primary Switch

Primary Connection

Secondary Connections

Secondary Breaker

Maximum No-lLoad Loss

Maximum Full-load lLoss

ES-51334

TRANSFORMER DATA SHEET

(PWC27-0LD) CC27A-NTW *

BLDG 378-1

75071000 KVA **

12 KV

DELTA

480 v

WYE -GROUNDED

5.7%

PROVIDE AND INSTALL NEW 15 KV CLASS
PRIMARY SWITCH AND NEW 12 KV FETDER

JRANSITION TO NEW SWITCH

NEW COPPER BUS CONNECTIONS TO NEW
SWITCHGEAR

P & 1 NEW SWITCHGEAR, SEE SKETCH
BREAKER AND SWITCHGEAR

DETERMINED PER LOSS EVALUATION IN RFP

DETERMINED PER LOSS EVALUATION IN RFP

* This unit is replacing an existing 1000 KVA PCB filled transformer.
il Supply fans to achieve higher rating.
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£ES-51334

TRANSFORMER DATA SHEET

Transformer ldentification _{PWC27-0LD) CC27B-NEW

Location

Size

Primary Voltage
Primary Winding Type
Secondary Voltage
Secondary Winding Type
Percent Impedance

Primary Switch

Primary Connection

Secondary Connections

Secondary Breaker
Maximum No-load Loss

Maximum Full-lLoad Loss

BLDG 378-1

500_KVA *

480 V

DELTA

208 V

WYE-GROUNDED

5.75

PROVIDE AND INSTALL NEW SWITCHGEAR
SEE SKETCH

TRANSITION FROM NEW SWITCHGEAR

NEW COPPER BUS CONNECTIONS TO EXISTING
SWITCHGEAR

REUSE EXISTING SWITCHGEAR

DETERMINED PER LOSS EVALUATION IN RFP

DETERMINED PER LOSS EVALUATION IN RFP

No primary voltage taps are required on this transformer due to the high
current level. Note requested optional price for addition of standard
primary voltage taps on this unit in the pricing schedule.
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ES-51334
TRANSFORMER DATA SHEET

Transformer Ideﬁtification _(PwC48-0!2) CCA9-NEW *

Location BLDG 489-]

Size 1500 KVA

Primary Voltage 12 KV

Primary Winding Type DELTA

Secondary Voltage 480/277 V

Secondary Winding Type WYE-GROUNDSD

Percent Impedance £.78%

Primary Switch REINSTALL EXISTING PRIMARY SWITCH

Primary Connection CONNECT EXISTING SWITCH

Secondary Connections NEW_COPPER BUS CONNECTIONS TO
EXISTING SWITCHGEAR

Secondary Breaker EXJSTING SWITCHGEAR

Maximum No-load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-load Loss DETERMINED PER LOSS EVALUATION JN RFP

. The existing PCB unit is already missing and will not have to be
handled as part of this changeout.

Note: This unit will be installed in an existing station. The installer
will have to remove an existing temporary transformer and place it
aside for removal by others prior to installing the new
transformer. The installer will also have to reinstall the existing
primary switch, which was disconnected while the temporary
transformer was installed. The existing temporary transformer is a
3750 KVA unit and will require an oversized crane to lift out and
set on the ground. This unit is nonPCB and will not require
additional handling.

No diagram provided.
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£S-51334
TRANSFORMER DATA SHEET

Transformer ldentification (PWC1-220,1,2-0LD) CC1-220-NEW *

Location BLDG 376-3

Size 300 KVA

Primary Voltage 2.4/12 KV DUAL *

Primary Winding Type DELTA

Secondary Voltage 280 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 4.5

Primary Switch REUSE EXISTING PRIMARY SWITCH habele

Primary Connection PROVIDE NEW CABLE CONNECTIONS TO
EXISTING SWITCH

Secondary Connections PROVIDE NEW CONDUIT AND CONDUCTORS TO
EXISTING SWITCHGEAR

Secondary Breaker REUSE EXISTING SWITCHGEAR

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-load Loss DETERMINED PER LOSS EVALUATION IN RFP

* This new three phase transformer is replacing three existing 167 KVA

single phase PCB transformers.

bl Dual voltage primary winding is an option. Regardless of whether
the option is exercised, the 2400 VAC primary must be supplied. If
the option is exercised then taps shall be provided for the higher
rating (12 KV).

*** There are three oil-fused contactors which are feeding the
transformer to be removed. It is believed that the three contactors
are PCB-contaminated, and they should not be disturbed.
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£S-51334
TRANSFORMER DATA SHEET

Transformer Identification (PWC]-158-0tD) (71-]158-NEW *

Location BLDG 333-1 **

Size 112.8 KVA

Primary Voltage 480 V

Primary Winding Type DELTA

Secondary Voltage 2087120 v

Secondary Winding Type WYE -GROUNDED

Percent Impedance 4.5

Primary Switch PROVIDE AND INSTALL NEW 480 V BREAKER
IN NEW SWITCHGEAR, SEE SKETCHES

Primary Connection SEE SKETCHES

Secondary Connections TJRANSITION TO EXISTING PANEL

Secondary Breaker REUSE EXISTING

Maximum No-lLoad Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER 0SS EVALUATION IN RFP

* This unit replaces the existing 112.5 KVA PCB transformer.

foe This transformer will be installed on a mezzanine located
approximately 30 feet AAF. Extra rigging and PCB handling efforts
will be required.
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TRANS7ORMER DATA SHEET

Transformer ldentification (PWZ1-187-0L0Y  CC2t-1B7.NTW >

Location BI0G 333-1 *e

Size 112.5 KVA

Primary Voitage 480 V

Primary Winding Type DELTA

Secondary Voltage 240 V

Secondary Winding Type WYE

Percent Impecance 4.5

Primary Switch PROVIDE AND INSTAL! NEW 480 V BREAKER
JN NEW SWITCHGEAR, SEE SKETCHES.

Primary Connection SEE SKETCHES

Secondary Connections JRANSITION TO EXISTING PANE!

Secondary Breaker REUSE EXISTING BREAKER

Maximum No-lLoad Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

* This unit is replacing the e.isting 112.5 KVA PCB transformer.

*x This transformer will be installed on a mezzanine located
approximately 30 feet AFF. Extra rigging and PCB handling efforts
will be required.
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APPENDIX B
VENDOR DATA REQUIREMENTS LIST
* No.of *x
When Copies Reference{ Approval
Description Required| Required| Paragraph; Req’'d.by
1. Drawings, sketches, schematics BC 12 NA R| AB/DE
and other data shall be
submitted with the bid
sufficient for evaluation of
contract proposal.
2. Quality Manual and Procedures BC 12 4.0 R} AB/DE
3. Inspection and Test Procedures BFR 12 3.2, 3.1011} AB/DE
4. Inspection and Test Results PS 12 3.10 {R| AB/DE
5. Maintenance manual which PS 12 5.0 11 AB/DE
inciudes as a minimum:
installation instructions,
operating instructions,
preventive and corrective
maintenance tasks, the
frequency of each task, the
tools, equipment, and
procedgures with special
emphasis on safety precautions
for the accomplishments of
each task.
6. Priced spare parts list and PS 12 £.0 11 AB/D
recommended spares.
7. Guaranteed performance data PS 12 5.0 1] AB/DE
and name plate data.
1. As-built shop drawings schema- PS 12 -5.0 R] AB/DE
tics and wiring diagram.
9. Installation schedule. PS 12 5.0 AB/DE
10. PCB fluid disposal plan and PS 12 5.0 AB/DE
certification.
11. Spill Prevention, Control, and BFR 12 NA R{ AB/DE
Countermeasures Plan
12. Certification for Hazardous PS 12 NA R{ AB/DE
Waste Handlers
* BFR = Before Fabrication Release * BC = Before contract is awarded
* PS = Prior to Shipment ** R = Required
** [  « Information Only ** AB = Approval By Buyer
** DE = Approval By Design Engineer
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APPENDIX C

CONSTRUCTION DETAILS
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CONSTRUCTION DETAILS
ELECTRICAL GENERAL éROVISIONS
PART 1 - GENERAL
DESCRIPTION OF WORK:

FSummary: The electrical work can be generally summarized in the following
manner, but this is not by way of limitation:

. Obtain pe-mnits for moving hazardous waste.

. Check and mark phase rotation before de-energizing system.

. Have PWC personnel de-energize the existing transformers.

. Test existing transformer for no-loac “osses. Drain the PCB

fluid from each transformer into standard DOT approved drums and
deliver it to the interim hazardous waste storage area on the
base as designated by the Resident Engineer (all work shall
comply with OSHA and EPA regulations).

. Purge the t--nsformer case w.th dry nitrogen and seal.

. Deliver the existing transformer to the interim hazardous waste
storage area on the base (comply with CSHA and EPA regulations).

. Provide and install new transformers.

. Connect new transformers and test.

. Request PWC personnel to energize the system.

. Verify proper operations and turn the operating transformer over

to EG4G Idaho, Inc. for remanding to PWC San Diego.
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PART 2 - MISCELLANEOUS AND ANCILLARY PRODUCTS
GENERAL:

Furnish all labor, materials, equipment, and appliances required to complete
the installation of the complete electrical systems. A1l labor, materials,
service, equipment, and workmanship shall conform to the applicable chapters
of the NEC (NFPA 70) and other authorities having lawful jurisdiction
pertaining to the work required. A1l modifications required by these codes,
rules, regulations, and authorities shall be made by the Subcontractor
without additional charge to the Contractor.

Underwriter’s Laboratories (UL): A1l materials, appliances, equipment, or
devices shall conform to the applicable standards of UL where such standards
exist. A1l material, appliances, equipment, or devices shall be listed
and/or labeled by UL where such standards exist.

Completed electrical system shall conform with applicable provisions of the
Special Conditions, the Technical Specification, and the attached subcontract
drawings.

CONDITION OF PROOUCTS:

Except as otherwise indicated, provide new electrical products, free of
defects and harmful deterioration at the time of installation. Provide each
product complete with trim, accessories, finish guards, safety devices, and
similar components specified or recognized as integral parts of the product,
or required by governing regulations.

UNIFORMITY:
Where muitiple units of a product are required for the electrical work,

provide identical products by the same manufacturer without variations except
for sizes and similar variations as indicated.
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PART 3 - EXECUTION:
COORDINATION OF ELECTRICAL WORK:

General: It is recognized that the subcontract documents are diagrammatic in
showing certain physical relationships that must be established within the
electrical work and in its interface with other work, including utilities and
mechanical work, and that such establishment is the exclusive responsibility
of the Subcontractor.

Arrange electrical work in a neat, well-organized manner with conduit and
simila~ services running parallel with the primary lines of the building
const .ction and with a minimum of 7 feet overhead clearance where possible.
Locate operating and control equipment properly to provide easy access and
arrange entire electrical work with adequate access for operation and
maintenar.ce.

RESIDENT ENGINEER:

The EG&G Idaho Resident Engineer will ensure that the installation complies
with drawings, specifications, and witness testing.

TRANSFORMERS
PART 1 - GENERAL
W2 2K DESCRIPTION:

Provide and install trarsformers of sizes, ratings, and types as shown on the
referenced data sheets and engineering specification.
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PART 2 - PRODUCTS
MATERIALS:

The transformers shall be as shown on the attached data sheets and shall be
installed at the location indicated on the drawings. .

The transformer enclosure shall be suitable for the environment that the .
transformer is installed in.

PART 3 - EXECUTION

INSTALLATION:

Install transformers as indicated on the drawings and in accordance with
manufacturer’s written instructions, applicable requirements of NEC and the
NEC Association’s "Standard of Installation," and complying with recognized
industry practices to ensure that products serve intended functions.
TESTING:

Visually inspect to determine that equipment installation conforms to NEC,
these specifications, and the drawings and testing as described under the
testing section of the specification.

GROUNDING

PART 1 - GENERAL

WORK DESCRIPTION:

Provide and install grounding on all transformer cases and tie into the -
existing grounding system.
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PART 2 - PRODUCTS
MATERIALS:

Grounding electrode wire shall be a minimum of No. 2 AWG bare stranded copper
and comply with NEC Table 250-94.

Ground grid welds shall be made by the Thermit process.

PART 3 - EXECUTION

INSTALLATION:

Install a compiete grounding system for the transformers in accordance with
appiicable requirements of NEC and complying with recognized industry
practices to ensure that products serve intended functions and comply with
requirements. A1l exposed noncurrent-carrying metallic parts of electrical
equipment, conduits, grounding conductor of nonmetallic sheathed cables, and
neutral conductor of the wiring system shall be grounded.

Exothermic Welds: Exothermic welds shall be made in accordance with the
manufacturer’s written recommendations. No mechanical connector is required
at exothermic weldments.

TESTING:

Visually inspect to determine that ground installation conforms to NEC, these
specifications, and the drawings.

CABLE, WIRE, CONNECTORS AND MISCELLANEOUS DEVICES
PART 1 - GENERAL
WORK DESCRIPTION:

Provide and install conduit systems, cables, wires, and wiring connectors of
sizes, ratings, materials, and types as shown on the drawings.
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PART 2 - PRODUCTS
WIRING MATERIALS 5 KV AND 15 KV CLASS:

A11 5 KV and 15 KV cable shall be shielded and properly terminated. Cable
shall be EPR MV-90 shielded cable and shall have a 133% insulation level.

HIGH VOLTAGE SPLICES:

Splices in high voltage cables. Splices shall be suitable for continuous
immersion in water and shall be made only in accessible locations in
manholes.

Certification. High voltage cable splicer/terminator certification of
competency and experience shall be submitted 30 days before spilices or
terminations are made in high voltage cables. Splicer/terminator experience
during the past 3 years shall include performance in splicing and terminating
all cables of the type and classification being provided under this contract.

Kit Methods. High voltage splices shall be made using a "kit," which shall
be the product of one manufacturer and shall have the approval in writing of
the manufacturer of the cable that is to be spliced. The Contractor shall
provide for continuous submersion in water.

Heat-Shrink Method. A1l splices for 600 volt and less cables shall be done
by the heat-shrink method. Provide heavy-wall heat-shrinkable splice tubing
rated for sealed underground connector systems. Tubing shall be available
uncoated, or with a thermoplastic adhesive-sealant that adheres to PVC,
neoprene, polyolefin, and EPR aluminum or steel.

Splices in High Voltage Cables. Splices shall be suitable for continuous

immersion in water and shall be made only in accessibie locations in
manholes.
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Certification. High voltage cable splicer/terminator certification of
competency and experience shall be submitted 30 days before splices or
terminations are made in high voltage cables. Splicer/terminator experience
during the past 3 years shall include performance in splicing and terminating
cables of the type and classification being provided under this contract.

Kit Methods. High voltage splices shall be made using a "kit," which shall
be the product of one manufacturer and shall have the approval in writing of
the manufacturer of the cable that is to spliced. The contractor shall
provide the Contracting Officer or Contractor’s Quality Control

representative with a copy of the manufacturer’s instructions before splicing
is started. Splices shall be made only in manholes.

Splices in Shielded Cables. Splices in shielded cables shall include
covering the spliced area with metallic tape, or like material, to the
original cable shield and connecting it to the cable on each side of the
slice. Provide a No. 6 AWG bare copper ground connection brought out in a
water tight manner and ground to a 3/4 inch x 10 feet ground rod as part of
the splice installation. Wire shall be trained to the sides of the enclosure
in a manner to avoid interference with the working area.

Phasing and Rotation. Contractor to record the phasing and rotation of the
existing electrical system before cable splicing, cable removal, termination,
and/or any work that could alter the phasing and rotation of the system.
After completion of the work and before connecting any load to the system,
the contractor shall verify that the phasing and rotation is as it existed
and has not been altered.

WIRING MATERIALS, 600 V CLASS:

Conductors shall be stranded for all sizes of wire and cable.

Conductors shall be copper for all sizes.

Wire insulation shall be type THHN/THWN for all 600 volt conductors unless
otherwise noted.

c-8
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Minimum size of power conductors shall be No. 12.

Splices for 600 Volt Cables. Splices in underground systems shall be made
only in accessible locations, such as manholes and handholes, using &
compression connector of the conductor and by insulating and water proofing
by a method suitable for continuous submersion in water.

Heat-Shrink Method. A1l splices for 600 volt and less cable shall be done by
the heat-shrink method. Provide heavy-wall heat-shrinkable splice tubing
rated for sealed underground connector systems. Tubing shall be available
uncoated, or with a thermoplastic adhesive-sealant that adheres to PVC,
neoprene, polyclefin, and EPR aluminum or steel.

CONNECTORS::

Compression and/or lug type connectors, such as "Burndy"”, shall be used for
splicing No. 6, and larger 600 volt cable.

High Voltage Cable Terminations. IEEE 48, Class 2. Except as otherwise
indicated, terminators for extruded insulation nonmetallic jacketed cables
shall be porcelain insulator type. Apply terminator to single conductor
cables or to each conductor of multiple conductor cable that are to the
weather. Terminator shall not exude any filler compound under either test or
service. The terminator shall consist of a porcelain insulator, cable
connector-hoodnut assemble, and aerial Jug, as required, metal body and
supporting bracket, sealed cable entrance, and internal stress relief device
for shielded cable, and insulating filler compound or material.

Terminator, Modular, Molded Rubber Type. IEEE 48, Class 2. Provide
terminator as specified herein for terminating single conductor, or the
single conductor of multiconductors, solid insulated, nonmetailic jacketed
type cables for service voltage up to 35 KV outdoor. The terminator shall
consist of a stress control, ground ciamp, nontracking rubber skirts,
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crimp-on connector, rubber cap, and aerial lug. Provide heat-shrinkable
elbow sealing adaptor as shown on plans, allowing the metallic cable
shielding to be externally grounded and sealed. Separate parts of copper or
copper alloy shall not be used in contact with aluminum or aluminum alloy
parts in the construction and installation of the terminator.

Wire/Device Identification: A1l cable systems, major conduits, and devices
shall be permanently marked. Conduits shall have stainless steel tags at
every 60 feet or where wall or building peretrations occur. A1l conductors
shall be identified with self-adhering 2il1 and moisture resistant vinyl
labels, covered with clear heat shrink tubing or white heat shrink tubing
with black typed on letters with nonsmearing ink as manufactured by Brady,
T&B, or approved equal. Hand lettered labels shall not be used. All
conductors shall be clearly marked with the proper phase identification.

CONDUIT SYSTEM:

A1l conduits shall be RGS or IMC with exception of underground, which can be
PVC, and which shall be 3 feet minimum below grade and encased in 2 inches
minimum red concrete. All bends must be RGS or IMC. Conduit systems shall
be compieted per the NEC.

PART 3 - EXECUTION
INSTALLATION:

General: Install electrical cable, wire, and connectors as indicated on the
drawings, in accordance with the manufacturer’s written instructions,
applicable requirements of NEC and NECA‘’s "Standard of Installation”, and in
accordance with recognized industry practices to ensure products serve
intended functions.

Pull conductors together where more than one is being installed in a raceway.

Do not exceed the conductor manufacturer’s recommended puiling tension or as
specificd in the IPCS Handbook. Use pulling compound or lubricant, where
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necessary; compound must not deteriorate conductor or installation. Tension
shall be monitored when pulls involve more than 40 feet or when 3 or more 90
degree turns are in the system.

Use pulling means including fish tape, cable, or rope which cannot damage
raceway.

Install splices and taps in an accessible junction box that has mechanical
strength and insulation rating equivalent-or-better than conductor.

Use splice and tape connectors that are compatible with conductor material.

TESTING:

High Potential: After installation and installing stress cones, all 15 KV
cable shall be tested at twice the normal operating voltage plus 1000 volts.
The test duration shall be 15 minutes on each cable. See IEEE standard
400-1980 (IEEE guide for making high-direct-voltage tests on power cable
systems in the field).

Meggering: Before terminating, test all cable or wire for insulation
resistance with 500 volt megger. Any wire .;ith less than 10 megohms to
g-ound or other conductors shall be replaced before proceeding with the
terminating. List conductors tested on required test data submittal sheet.

ELECTRICAL CONTINUITY AND PHASE ROTATION:

After conductor connectors are installed and conductors are labeled, but
before termination to terminals or devices, an electrical continuity test
shall be performed on each conductor using a battery powered buzzer or
ohmmeter to determine that all power, control, grounding, and other
conductors are properly installed and identified. List all conductors tested
on required test data submittal sheets.

After initial energizing of the transformer, check for proper phase rotation.
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APPENDIX D

OUTLINE SPILL PREVENTION, CONTROL, AND COUNTERMEASURES PLAN
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OUTLINE SPILL PREVENTION, CONTROL, AND COUNTERMEASURES PLAN

MINIMUM SPTLL PREVENTION REQUIREMENTS

The following shall be performed before the start of and during any
filuid removal from a liquid cooled transformer (i.e., PCB filled, oil
filled, or silicone filled).

a. A layer of 6 mil polyethylene sheeting shall be placed around the
transformer.

b. If drains are present, measures will be taken to eliminate the
potential for any fluids from entering the drains. This
includes, but is not limited to, constructing a dike, trenching
around the drain, and/or plugging the drain.

c. Before pumping the fluids, all hoses shall be inspected for any
holes, cracks, or deterioration. Fittings shall be inspected to
ensure a proper connection. Any gaskets utilized in the pumping
operations shall be inspected for integrity. Approved hoses,
pumps, and gaskets shall be used.

d. Drip pans shall be placed under pumps and connections.

e. Pumps and hoses shall be positioned so as to minimize any
tripping hazard.

f. Personnel will monitor the pumping operation at all times.

G. An adequate supply of absorbent materials and cleanup equipment
shall be readily available in the event of a mishap.
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This includes the following, but not limited to:

Shovels

Brooms

DOT drums: 17E, 17H, and 85 gallon recovery drum
Ample supply of rags

Vermiculite (Speedi-Dry)

Absorbent booms and/or absorbent pads

Assorted corks, plugs, and emergency seals
Material Safety Data Sheets (MSDS).

00 ~ O Uy H W N
T e e e e e e e

h. A1l safety equipment shall be inspected before use.

CONTROL

In the event of a spill or leak, the following procedure shall be
implemented:

a. Stop the source of the spill. Below is a list of probable source

of spills when working with liquid cooled transformers, and the
remedial action to be taken to eliminate the problem.

Source 1. Transformer

1. Location of leaks: valves. Remedial action: plug valve
to reduce or stop spill. Pump fluid below valve and replace
faulty valve.

2. Location of leak: bushing. Remedial action: Pump fluid

below bushing level. Replace gaskets, or if necessary,
replace bushing.
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3. Location of leak: tank wall or radiator pipe. Remedial
action: pump fluid below level of leak and either epoxy or
weld close the leak source. If the source of the leak is
small, a vacuum can be pulled on the transformer before
applying the epoxy sealant or welding. Pulling a vacuum on
the transformer eliminates the need for any pumping
operations.

4, Location of leak: tap changer, liquid level gauge, or -
temperature gauge. Remedial action: remove fluid below
Jevel and replace packing material, gaskets, or thread
sealant where applicable.

Source 2. Pumps or Hoses

Remedial action: Stop all pumping operations and place apparatus into an
adequate container to capture any fluids.

Source 3. Drums

Remedial action: In the event that the drum is seeping at the seams, the
fluid shall immediately be transferred to another drum. Should a drum
rupture or become punctured, an oversized recovery drum will be used. The
recovery drum is placed over the top of the leaking drum. Then, the
recovery drum is placed upright, containing the leaking drum.

b. top the migration of any spilled fluid. This can be done by

placing the berm around perimeter of the spill. A berm can be
constructed using any type of absorbent material, i.e.,
vermiculite (Speedi-Dry), sand, rags, absorbent boom or pads.

Cc. Solidi€y any free standing fluid. .
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d. Safetv apparel shall! be worn when dealing with spills involving
PCB fluids.

COUNTERMEASURES

The countermeasure operations are the cleanup and disposal of all
contaminated material that is a result of the spill. The primary goal of
all cleanup activity is to maintain a safe environment.

a. (leanup

1.  Fluids: If the volume of fluids is great enough to where
solidification is impractical, the liquid shall be pumped
into DOT 17E drums. These drums must be properly labeled
and dated.

2. Solids: Any porous solids (soils, asphalt, wood, paper,
etc.) contaminated by the spill shall be placed into DOT 17H
(removal head) drums. These drums must be properly labeled
and dated.

3.  Major Spills: In the event that the spill exceeds the
control and cleanup capabilities that are onsite, an outside
contractor, who specializes in environmental cleanup and has
al) permits and licenses required, must be contacted. This
contractor must be equipped to handle various types of
spills.

Analysis. During the cleanup operations, sampling, and analysis
must be performed. The analytical data are needed to present an
accurate picture of the following:

1. The extent of the spill

2. The effectiveness of the cleanup operations
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3. The point in time when the environment has been
decontaminated.

Disposal. The disposal of all contaminated materials must be in
accordance with the applicabie EPA regulations (40 CFR 761).

A1l work will be inspected by the EG&G Idaho, Inc.
representative.

Transportation of hazardous waste to the disposal site shall
conform to 40 CFR, Part 263. Al) Federal, state, and local
permits and labeling and approvals shall be completed before the
shipment of waste from the transformer site.
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APPENDIX E

SWITCHGEAR SPECIFICATION
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SWITCHGEAR SPECIFICATION

1.0 GENERAL

Provide and install switchgear with the transformer as referenced in the
data sheets. The switchgear shall consist of one or more enclosed
vertical sections joined together to form a rigid, free standing
assembly. The construction of the switchgear shall meet the requirements
of the NEC.

2.0 PRODUCTS

600 Volt: Switchgear shall be suitable for operation for 480 volt, 3
phase, 3 wire, 60 Hertz grounded service.

Vertical Sections: Vertical sections shal)l support the horizontal and

vertical buses, covers, and doors, and shall be designed to allow for easy
rearrangement of units. Vertical sections shall have structural
supporting members formed of a minimum of 13 gauge hot-rolled steel. Al
finished surfaces shall be blemish-free. Each section shall be 90 inches
high and shall have 7 gauge steel, 3 inches high, removable 1ifting angle
and two 1-1/2 inches high base channels. Complete control center lineups
shall be divided into shipping splits no wider than approximately 60
inches. A 1ifting angle shall be provided on the top of each shipping
split and shall extend the entire width of the shipping split. Lifting
angles shall be designed to support the entire weight of the switchgear
and shall have access points or 1ifting eyes to facilitate handling. Base
channels shall be provided with holes to permit bolting the switchgear to
the floor. The entire assembly shall be constructed and packaged to
withstand all stresses induced in transit and during installation.
Switchgear shall be designed so that matching vertical sections of the
same current rating and manufacture can be added later at either end of
the lineup without use of transition sections and without difficulty.
Removable end closing plates shall be provided to close off openings on
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the end of the lineup. A removable top plate shall be provided on each
vertical section and shall be of one piece construction for added
convenience in cutting conduit holes. The design shall allow use of the
stancard conduit entrance area without significant sag or deformation of
the top plate.

Vertical sections shail be designed to accommodate plug-on units in
front-of-board construction. Vertical sections housing plug-on units
shall be 15 inches deep.

Vertical sections shall be provided with both horizontal and vertical
wireways. Sufficient clearances shall be provided in the horizontal
wireway so that no restriction is encountered in running wires from the
vertical to horizontal wireway. Wireways shall be in accordance with the
wireways section contained in this document.

Horizontal Wireways: Horizontal wireways shall be provided in the top and

bottom of each vertical section and shall be arranged to provide full
length continuity throughout the entire assembly. The top horizontal
wireway shall have a cross sectional area of not less than 20 square
inches with openings between sections of not less than 11-1/2 square
inches. The bottom horizontal wireway shall exterd through the length and
depth of the 11-1/2 square inches to allow for full length continuity
throughout the entire assembly. The bottom horizontal wireway height
shall be not less than 9-1/4 inches. Covers for all wireways shall be
equipped with captive type screws to prevent loss of hardware during
installation. All wireways shall be isolated from the bus bars.

Vertical Wireways: A vertical wire trough shall be located on the

right-hand side of each vertical section and shall extend from the top
horizontal wireway to the bottom of the available unit mounting space.
Each vertical wire trough shall have a cross-sectional area of not less
than 19 square inches and shall be isolated from the bus bars to guarc
against acc‘dental contant. A <eparately hinged door having captive type
screws shall cover the vertical wire trough to provide easy access to
control wiring without disturbing the unit.
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Reusable wire ties shall be furnished in each vertical wire trough for the
purpose of grouping and securely holding wires in place for a neat and
orderly installation.

Bus Bars: A continuous main 3-conductor horizontal bus shall be provided

over the full length of the switchgear. When necessary, the bus shall be

split to allow for ease in moving and handling. Splice bars will be :
supplied to join the bus whenever a split has been made. A}l splice

connections shall be made with at least 2 bolts. Horizontal busbars shall -
be mounted edgewise and supported by insulated bus supports. Insulation

shall be used as required by NEMA standards and shall be dated at no less

than 600 VAC.

For distribution of power from the main horizontal bus to each unit
compartment, a 3-phase vertical bus shall be provided. The vertical bus
shall be firmly bolted to the horizontal bus for permanent contact.

The main horizontal and vertical buses shall be made of copper and the
entire length shall be electrolytically tin plated to provide maximum
protection to the bus bars from normal or adverse atmospheric conditions.

The main horizontal bus rating shall be a minimum 800 amperes continuous.

Vertical bus rating shall be a minimum of 300 amperes for adequate current
carrying capacity. Continuous current ratings shal) be in accordance with
temperature rise specifications set forth by UL, ANSI, and NEMA standards.

A copper ground lug shall be provided in each incoming line vertical
section capable of accepting No.8 to 350 MCM cable. A horizontal (and
vertical) tin plated copper ground bus shall be pravided in each section
of the switchgear. Horizontal ground bus shall run continuously
throughout the switchgear except where splits are necessary for ease of
shipment and handling in which case splice bars shall be provided. Ground .
bus shall be tin plated copper. Horizontal ground bus shall be located at

A-152




£ES-51234

the bottom of the switchgear. Vertical ground bus shall run parallel to
the power distribution bus in each vertical section. Cesign shall be such
that for any plug-on unit the ground bus stab shall make contact with the
ground bus before the power bus contact is made.

Bus Barriers: Insulated horizontal and vertical bus barriers shall be
furnished to reduce the hazard of accidental contact with the bus.
Barriers shall have a red color to indicate proximity of energized buses.
Vertical bus barriers shall have interlocking front and back pieces to
give added protection on all sides and shall segregate the phases to
reduce the possibility of accidental “"flash over." Small, separate
openings in the vertical bus barriers shall permit unit plug-on contacts
to pass through and engage the vertical bus bars. Bottom bus covers shall
be provided below the vertical bus to protect the ends of the bus from
accidental contact with fish tapes or other items entering from the bottom
of the enclosure.

Controls and Meters: A1l new service panels shall be equipped with the

following:

Kilowatt Meters. Type II, Class 3, Style B and shall have provisions for
pulse inititation. Kilowatt meters shall be fiush switchboard type as
indicated on the drawings and shall be totally compatible to each
particular application. Kilowatt meters shall be of one manufacturer,
secondary type. )

. The meters shall have an electronic demand register. The
register shell be used to indicate maximum kilowatt demand as
well as cumulative basis. It shall have provisions to be
programmed to calculate demand on a rolling interval basis.

. The register shall be of modular design. The electronic module,
containing all the program variables, shall be able to be easily
removed from the mechanical register for programming, maintenance
and trouble shooting.
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A1l electronic modules shall be physically identical and
interchangeable.

A frictionless optical assembly, mounted directly to the meter
frame, generating 12 pulses per meter disc revolution for input
to the electronic register shall be provided.

Each kilowatt meter shall also be complete with a 5-dial
mechanical kilowatt hour register.

Meters shall be 3 stator, 120 volt for use on a wire Y, 3-phase
system.

Meter multiplier shall be shown on the face plate and shall be
the product of the indicated current transformer and potential
transformer ratio.

Draw out arrangement for meter removal incorporating
automatically short circuit current transformer circuits.

Meter covers shall be polycarbonate resin.

Meter detent to prevent negative regisiration by restricting the
backward rotation of the disk.

The normal billing data scroll shall be fully programmable. The
following items shall be displayed in the data scroil:

- Kilowatt hours

- Maximum demand

- Cumulative or continuously cumulative
- Number of demand resets

- Time remaining 1 interval

- End-of-interval indication

- New maximum demand indication
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The register shall incorporate a built-in test moge that allows
it to be tested without the need for any special tools or other
accessories and saves 4ata and constants before start of the
test. The following quantities shall be available for display in
the test mode:

- Time remaining in demand interval

- Present interval’s accumulating demand

- Maximum demand

- Number of impulses being received by the register

Pulse initiator with programmable ratio selection.

Battery with battery port for quick changes.

Meters shall be programmed after installation.

Meters shall be tested, calibrated, and certified after
installation.

Self-monitoring to provide for s*ored data check sum error, ROM
and RAM checksum error, battery fault, and unprogrammed register.

Liquid cr_.tal display. 9 digits, blinking sguares confirm
register operation. Llarge c:git: for data and smaller digits for
display identifier.

Display operations, programmable sequence with display
identifiers. Display identifiers shall be selectable for each
item. Continually sequence with time selectabie for each item.

Circuit Breakers: Molded case circuit breakers shall be furnished in

branch feeder units using circuit breakers as a di_connect means. All
circuit breakers will have a push-to-trip test feature for testing and
exercising the trip mechanism. Breakers shall be UL listed for a minimum
of 22,000 amperes RMS symmetrical fault withstandability.
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Main breakers (480 volt panels only) shall be equipped with auxiliary
contacts and shunt trip coils. Optional electrical operation mechanisms

shall be proposed for possible use if funding levels are adequate.

Identification: A control center identification nameplate with factory

identification numbers and characteristics shall be fastened on the
vertical wire trough door of every section. Each unit shall have its own
identificaticn nameplate fastened to the unit saddle. These nameplates
shall have suitable references to factory records for efficient
communication with supplier. Each unit shall also have an engraved
nameplate fastened to the outside of the unit door for ease in
identification and for making changes when regrouping units. Main
breakers (480 panels only) shall be equipped with auxiliary monitoring
contacts and shall be equipped with short trip controls. Optional
electrical operations shall be proposed for possible use if funds are
adequate.

Wiring: The switchgear wiring shall be NEMA Class II, Type B.

As defined by NEMA Standard 1SC-2-322, Class Il switchgear shall include
the necessary electrical interlocking and interwiring between units.

Type B wirirg shall include terminal blocks mounted on 1ift out brackets
in the units.

Terminal blocks shall be quick separating pull-apart solderless box lug
type or equal.

Finish: A1l metal structural and unit parts shall be completely painted
using an electrodeposition process so that the interior and exterior
surfaces as well as bolted joints have a complete finish coat on and
between them.
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3.0 JESTS

3.1 Foll 4ing tests shall be performed and results recorded. All the
equipment tests shall be performed in accordance with IEEZE, NZMA, and ANS]
Standards where such standards are definitive. A1l test cdata including but
not limited to test circuitry, faulty equipment, and remedial action will
be recorded, certified, correlated, bound, and furnished to the Owner.

a. Wiring continyity - point to point check and verification with the
wiring diagrams.

b. Wiring insulation - check to ground - megger at 600 volts.

c. Power of proper amplitude and frequency shall be applied to all AC and
DC c¢ircuitry. Three-phase potential and current of proper freguency
shall be applied to all applicable AC connections.

d. Polarity tests of all AC and DC circuitry. Three-phase power and
phase angle meter shall be used to make AC polarity test on power
feeds and metering circuits.

e. Functional tests shall be performed on all equipment to indicate
proper operation of all protection, metering, and control equipment.
Power circuit breaker simulators shall be employed for the primary bus
to verify proper operation of all equipment.

f. The Owner may at his option provide specific relay and metering test
forms to be complied with, otherwise the Seller shall submit 2 copies
of Seller’s standard test forms for review by the Engineer.

Gg. A1l "as left" test values shall be recorded and shall be within

manufacturer’s tolerances. Manufacturer’s tolerances shall be
indicated on the test forms.
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h. The intent of the acceptance test is to determine that the meters and
relays have not sustained damaged during shipment from the
manufacturer and that the meters and relay calibrations have not been
disturbed. If the examination or test indicates that re-adjustment is
necessary, the relay shall be repaired and/or calibrated as per

manufacturer’s instructions.

3.2 The Owner and/or Engineer may elect to visit the Seller’s facilities
on completion of fabrication of the equipment to inspect the equipment and

witness testing as outlined in Section 3.1.
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TRIP REPORT
FINAL ACCEPTANCE TESTING OF

ABB 112.5 KVA AMORPHOUS CORF TRANSFORMER
FOR SAN DIEGO NORTH ISLAND NAVAL BASE

Trip Date: Jan. 15-17, 1991

Location: Jefferson City, Missouri

Attendees: J.S. Bertrand & S.A. McBride

Objective: Attend witness testing of amorphous core
transformer for the San Diego North Island Naval
Base.

FACILITY:

ABB's Jefferson City Missouri distributicn transformer
manufacturing facility is comprised of engineering,
administration, shipping & receiving, and manufacturing in a
single 600,000 square foot facility. The plant has a high degree
of modern automation, utilizing obotic welders, conveyers,
painting apparatus, presses, et. for a majority of the
manufacturing. ABB uses an exte..sive Computer Aided Design And
Manufacturing (CADAM) system to simplify the process of producing
200 to 300 transformers per day.

Factory Testing:

The f  Towing transformer contracted with ABB is being
manuf. -“ured by ABB in Jefferson City Missouri:

2 Order Number Location Size(kVA) PWC#
1 V25E123YVY 473 112.5 CC48

The following sections will detail all testing performed on this
unit. Engineering drawings and certified test data are attached
to this report as available.

Tests:

Turns ratio, peolarity, and phase rotation test
Demagnetization (exciting current)

Half wave & full wave impulse test

Applied voltage test of high voltage coils test
Applied voltage test of low voltage coils test
Induced voltage test (400Hz)

No-load loss test

Resistance, impedance, and load loss test
Temperature rise test

WO~y WK
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Shop Order #804001 Style #V2.:2123YVY

This transform¢ was specified and constru.ted as a 112.5 KVA OA
outdoor padmour..ed unit. The transformer nas a 2400 volt delta
primary winding and a 480/277 volt grounded wye secondary
winding. The cooling fluid is 193 gallons of RTEmp (high
molecular weight hydrocarbon). The following tests were
performed on January 16-17, 1991 on the 1 near test line as
illustrated in the Electrical Testing Pro,ram--Jefferson City
Booklet (PDL 46-300-TT-K Page 4-"

TEST STATUS
Turns ratio test Failed. The first ratio test indicated that
8:00am the secondary windings were improperly

connected. This should have been identifiec
during a preliminary ratio test which
normally is performed prior to installation
of the cooling o0il. The transformer was
removed from the test line and placed in the

1: -00am r pair area. The cooling fluid was then
c.ained out of the tank to a leve. just below
the top of the core/coil assembly. This
would allow reconnectior c¢f the secondary
windings. Extreme cauti:n had to be used to
avoid introducing any foreign objects into
the tank during repair (such as bolts, nuts,
washers, etc.). The root cause of the
connection problems was determined to be that
the wrong connection diagram was given to the
interral construction team. The designer
subsegiently located the proper connection
diagram and the connections were altered to
the new configuration. The cooling fluid was

2:30pm then very slowly reintroduced into the tank.
Caution was used to minimize the introduction
of air bubbles into the fluid. The
transformer was then taken to the vacuum
chamber where it was subjected to two
complete vacuum cycles to draw any air from
the transformer. The transformer was then
brought back to the t :t line.

4:30pm A second ratio test was performed a-1 passed.
The polarity and phase rotation tests also
passed.
Demagnetization Passed. This test is performed to remove any
5:00pm residual magnetism in preparation for the

impulse tests. It also serves as a means to
measure the exciting current.
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Impulse test
5:15pm

Applied voltage
Induced voltage
No-load loss

6:00pm

Load loss
6.15pm

Resistance

Impedance

Temp: ature rise

Each of the three high voltage windings was

" subjected to a half wave impulse test and a

full wave impulse test. The test engineer
tested the windings to 60 kV BIL. 1 reviewed
the specification and informed him that the
requirement was for 75 kV BIL. I stated that
the 60 kV BIL test was not adequate and that
they will be required to perform another test
to the required 75 kV BIL. Based on the
configuration of their test line it was not
possible to go backwards and repeat the test.
The unit would have to be reintroduced to the
lineup following completion of the other
tests. They assured that they would perform
the impulse test to 75 kV BIL. I was
contacted on January 22, 1991 and informed
that the 75 kV BIL test had passed without
incident. This plant does not have the
capability to perform impulse testing of the
low voltage windings. Therefore the 30 kV
BIL tests of the 480 volt secondary windings
were not performed.

Both the high and low voltage tests passed.
The 400 Hz induced voltage test passed.

The no-load loss was measured to be 86 watts.
This value was 8 watts above the gquoted value
of 78 watts.

The load loss was measured to be 1529 watts.
This value was 29 watts below the quoted
value of 1558 watts.

Passed.

The transformer impedance was measured to be
3.32%. This value is at the maximum limit of
the specified impedance and is acceptable.

54.5 degrees celsius

Jan. 17,1991 (24 hours)

The tests on this unit were all performed with exclusion of the
impulse testing on the secondary windings. During the tests
several problems were identified. These items which require
furthe attention are listed below:
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ACTION ITEMS:
1. The transformer nameplate identified the unit as a 65
degree celsius rise. It should be 55 degree celsius
rise.

2. The transformer nameplate identifies the transformer HV
BIL as 60 kV. It should be 75 kV.

3. The transformer nameplate identifies the impedance as
2.76%. It was measured to be 3.32%.

4. Drawing J801R4Q shows item #12 (Pressure relief device,
350CFM at 15 psig) located on the front of the
transformer inside the secondary compartment. This
high volume pressure relief device which is required
with the use of RTEmp fluid must be installed on the
top of the unit (due to space limitations). I asked
specifically what their intentions were and they
informed that the required high volume PRD would be
installed on one of the hand hole cover plates on top
of the unit.

5. Jim Hankins will contact us with the proposed shipping
information as soon as it is available.

6. ABB (Jim Hankins) will issue us a Certified Test Report
as soon as it is available.

CONSLUSION:

The transformer passed an acceptable series of tests. The
particular test series used by ABB is almost completely computer
controlled. This makes it very difficult for the observer to
know what is going on. Specific pass/fail criteria have been
loaded into the computer system based on the experience of many
thousands of successful units. Data from each of the tests are
digitized and sent to the computer for analysis, the computer
then either accepts the test results or rejects them. This
application is designed for a volume production environment in
lieu of a special/custom transformer environment. All things
considered this is a very impressive manufacturing plant.
Technology, personnel, design, and materials are for the most
part outstanding.
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ABB Power T4D Company inc.
JnNaergrounc Oistroution Transtormers
Jetterson City MO 65101

PDL 46-300-TT-K

Electrical Testing
Program -
Jefferson City

General Testing Program

Factory tests are performed on a transformer to
confirm tnat it 1s properly designed and constructed
to carry rated load and that it will withstand the
conditions it will be exposed to in service. Factory
tests are evidence of the reliability of a transformer,
although the ultimate proot 1s trouble-tree service
over iIts expected I~

The Jefterson City :sting program i1s based on
applicable ANSI. IEEE. and IEC stangards and can
be civided into 5 broad categories:

1. Test Data
A Test Parameters
B. Test Results

2. Preliminary Tests
A Core Loss Test
B Turns Ratic Test
C. First Prehminary Ratio Test
D. Second Prehiminary Ratio Test

w

Routine Tests

Ratio

Demagnetization

Full Wave Impuise

Applhed Voltage Test of the HV Circuit
Apphed Voltage Test of the LV Circunt
400 HZ Inducec Test

No-Load Loss and Exciting Current

L cac Loss. Resistance and Impedance
Finai Continuity Check

Circuit Breaker Test

C-1OMMpO®>®

-

& Special Tests
A Sound
B Temperature

5 Calibration

1. Test Data

Tes! cata consists of a set of test parameters and a
set of test res21ts tor each indivigual transtormer
Test cata s -ec in the otfice mainframe computer
Tes! param- . are sent to the test H100r and stored
within the te  computer system {or later retrievai
when the transformer arrives for testing As
transformers are tested. the resulits are held within
the test tioor computer system. then transterred to
the mainframe.

A. TEST PARAMETERS

A unique set of parameters is used to test each
individual transformer. This set is generated from
a combination of three sources:

1. Customer Specitication
This includes all of the transformer ratings
such as HV, LV, kVA winding temperature
rise. and frequency. The customer may
specify special design tests such as sound,
temperature rise, or RIV. He may require that
the transformer be tested according to IEC
standards or ANSI. If no-load loss. total loss,
impedance, Or exciting current 1s quoted to
the customer, then ‘not to exceed values
based on the quote are sent to the test floor as
Iimits.

2. Transtormer Standards (IEC. ANSI, |EEE,
etc.)
The stangards specify the routine tests that
must be performed on every
transtormer. Test voltage levels, test durations
and pass/fail critenia are included. Exampies
are:

400 HZ Induced Voitage level
Full-wave Impuise Voltage
Applied Voltage of the HV Circuit
Apphied Voltage of the LV Circunt

3. Design Performance Criteria
If vaiues such as no-loac 1oss. total loss.
yimpedance. and exciting current were not
quotec to the customer. then values based on
the design anc.or past pertormance of the
transtormer styie are sent to the test floor as
pass. fail critenia Examples are

400 HZ Ingucec Voitage Test Current Limit
Mintmum and Maximum % Impegance Limiis
No-load Losses angd Exciting Current Limits
HV anc LV Cotl Resistances

Total Losses

Load Losses

The Design Engineering Department may
specify special Jesign or “"type’ tests to vernity
new designs su N as choppeg-wave impulse
test. short circuit test. temperature test. sound
or RIV.
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TEST RESULTS

A se! o' testresu!l's s recorgec ‘or each
transformer Some of the vaiues are sent directly
10 the cusiomer when requestec exampies are
no-loag 10ss totai loss. %c impedance Y% exciting
current. anc tne formai notiticatior. that the
transtormer dic recetve and pass ali required
tests (Certifiea Test Report).

The test results are recorged 1n the design
database to establish actua! pertormance
charactenstics o! new gesigns anc to
cdynamically update pertormance characteristics
of existing gesians as materiats vary and
manutacturing processes are improved.

The test results are analyzed by the Quality
Assurance Department to monitor, report trends.
and take action as required 1o assure that quahty
manutacturing practices are tollowed.

Preliminary Tests

The preliminary tests are performed primarily to
establisn the acceptance of core/coill assembly. Four
preliminary tests are pertormed:

A

CORE LOSS TEST

This test 1s performed or each core toop 10
measure the core 10ss at the (gesign) induction
level The cores are graged accorging to their
measured losses. later compineg as required to
meet the no-loac tosses guaranteed for each
compiete core-coil assembly.

TURNS RATIC TEST

Tris test s performes as an audit 0 completed
czils 1t vertties that the numbper ot turns s
correct in eacr winging section

SIRST ORELIMINARY RATIO TEST

Tre firgt creliminary ratio testis locatec in the
ccre cor DulC area onior to the core coil bane
o.e~ Ra'uic tes's are pertormec On all core coil
asse~pnes a! tne rated voltage connection ang at
ai taon ».O"a:'°< A small voltage tapproximately

*Z\2its s agohes 10 the primary winging 1ne
\oltage accuec anc the seconcary voliage are
measures oy a ¢'gital raiic meter The meter

ZiviZes tre seconcary voitage by the primary
\vo'tage anc C scia.s ‘he ralig For three pnase
transiormers tne (&S5 CoNe separately on each
ehase
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SECOND PRELIMINARY RATIO TEST

A seconc preliminary rauo test s performec in
the internal assembply area prior to vacuum  oii
fui Trus ratio test 1s performed 1n the same
manner as the first test. except that it 1s made
with ail bushings installed to verify that internal
connections to the bushings are made with the
correct poianty.

Routine Tests

Routine tests are performed on all transformers to
verity that proper manutacturing practices were
tolioweq 1n the construction ot each transformer and
10 estabhish performance characteristics. The
foliowing are routine tests:

Ratio

Demag

Full Wave impulse

Apphied Voltage Test of the HV Circunt
Apphed Voltage Test of the LV Circurt
Induced Test

No-load Loss and Exciting Current
Load Loss and Impedance

Final Continuity Check

Circuit Breaker Test

RATIO TEST

Tne ratio test s given to verify that the
transformer's ratio. polarity anc phase rotation
are correct.

Twenty volits 1S apohec to the secondary
terminals. The voltage apphed anc the inducec
prmary voltage are measured and comgarec ‘or
ratio and phase relationship The voltage is
applied n three separate connection
conhgurations tor tnree pnase uni!s

DEMAG TEST

Tne cemacg testis given 1o remove any resigual
magnet:sm i pregcaration tor ar imou'se test
AlSC. 1t serves as a no-ioac exciting current test

Power s asphied i1c the low voliage wingings The
voltage s rampec {-om zero 10 rateC secorsary
vollage gnc ther rack tc zero volls A
trarstormer s consiceres tC have passec s
test 1f the exciung current goes not exceec tne
nmis specifiec for the gesign of tne transformer
unger test




C FULL WAVE IMPYLSE TEST

The tult wave impulse tes: attempts to simulate a
hgntning gisturbance 1hat travels some distance
along a Iransmission hine before it reacnes the
transtormer. At the transtormer. this wave shape
rises from zero to crest in 1.2 mictposeconads and
decays to one-half vatue in 50 microsecongs. The
peak value I1s specified by ANSI standaras
according to tne transformer rating.

Each HV bushing is tested by impulsing that
bushing while grounaing one eng of all windings
and the tank. Each HV bushing receives an
impulise shot at one-hait the rated value and then
another shot at the full impulse vaiue. The
ground current wavetorms are recorded for both
snots on a winding and compared. The current
waveshape at the reduced impuise shot 15 taken
fir .1 to establish the charactenstic waveshape for
tne winding while the 1nsulation 1s stitl
considered to be sourd. If the current waveshape
of the full Impulse shot is very similar to that of
the reducec : ~0t, the winding 1s considered to
have passec tne test.

. APE_IED VOLTAGE TEST OF HV CIRCUIT
(HLIC)

The HLIC test 1s periormed 10 check the
Insulation ges:gn and 1o venty praper
construction. The HLIC test verifies the major
insulation between the HV circuit to the LV
circut ang to ground. (The acronym “HLIC”
stangs for "high to low/iron continuity ™)

The test 1S pertormec by connecting all MV
terminals together anc applying a specihieg
vo'tage from tne HV terminals to ground for one
~ -te at 60 MZ white ali other terminals anc the
te¢ ~ are grounded. The voltage applied s
specitiec by ANSI accorging to the transtormer's
raungs A trarstormer 1s consigered to have
successfully casseg the test if no appreciavie
current fiows

B-9
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APPLIED VOLTAGE TEST OF LV WINDINGS
(LHIC)

Trne LHIC test 1s aiso pertormec 1o check the
insuiation aesign and to verity proper
construction. The LHIC test venifies the
insulation between the LV circuit to the HV
circuit and to ground. (The acronym “LHIC™
stands tor “low to high/iron continuity )

The test ts pertormed by connecting all LV
terminals together and applying a specified
voliage from the LV terminals to ground for one
minute . 30 HZ while all other terminals and the
tank arc  ounded. The voitage apphed is
specifiea by ANS! according to the transtormer
ratings. A transtormer i1s considered to have
successtully passed the test if no appreciable
current flows through the transformer.

400 HZ INDUCED POTENTIAL TEST

The 400 HZ test is performed on ati transtormers
10 check insyulation gesign and verity proper
construction. Although this test also venfies t-e
major tnsulation between the HV ang LV circu:ts.
11s Main PUrpose 1s to check the turn-to-turn and
layer-to-iayer insufation withun the HY ang LV
wingdings. Aiso. thus test checks the insulation
between phases in the HV and LV circ:. *s.

A 400 HZ volitage is apptied 10 the low 1ge
terminais tor eignieen seconds. The v -ecan
be trom two 10 four Limes rated (determined by
the transtormer ratings according 10 ANS!
standargs). The transtormer s consigerec to
have successtully compteted this test if the
current goes not exceed a calculateg vaiuve,
based on the transformer's cesign.
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G NOLOAD LCSS AND EXTiTING CURRENT The test is performec by shorting the LV

Tne np-ioac losses are 10sses o & transtormer
exciteg at ratec voitage butl not supplying loaad:
tnat 1s. wnen oniy exciing curren: fiows through
the energizec winging The no-i0ac I0sS CONSIStS
of the iron Ioss In the core. cielectric 10ss. and
the 10ss 1IN the wingings cue to the exciting
current.

Ratec voltage 1s apphied 1o the low voitage
lerminals with the high voltage terminais open
circuited. Simuitaneous reacings are made of
voltage apphied, power input. anc excitation
current

The no-ioad loss TW (true watts) 1s the vaiye
read Dy a wattmeter measuring the power (nput.
The % excitation current 1s the percent of rated
current grawn guring this test.

The no-load loss AW {apparent watts) 1S the
procuct of the apphed voltage and the exciting
current (also. times the sQuare root of 3+ a three
phase transformer).

. LOAD LOSS. RESISTANCE AND IMPEDANCE
TEST

The load loss of a transfarmer 1s the 10ss created
by current tiow througn the transformer
wingings. Current fiow through the windings
creates the following two types of 10sses:

a I‘'RJoss The iR 10ss is the real power
consumec (or heat created) by load current
£assing tnrough the winging resistance

b Strav ioss The stray 10ss 15 the eady current
iosses causec by ieakage fiux The stray loss
IS generaily (ess tnan five percent of total
losses

Tne impecance voltage is the voltage orop due 1o
108C current £assiNg tnrough the iInguciance anc
resistance 90! the wingdings The impeca ce s
expressec as a percentage of rateg hign vopliage

bushings togetner anc applying suthcient
excitation to tne H\ pusnings 1o circulate rated
current through the HV circuil. Measurements
are taken for power input. voltage applied.
current, anc oIl temperature. Winging resistances
are measured Then, the impecdance and load
loss are calcuiated at the rated operating
temperature (normaltly 85°C).

FINAL CONTINUITY CHECK

A continutty test s performed on atl
transformers. This test wili assure our customers
that the transtormer fulhills their specifications
and prevent possible satety hazargs due to
incorrectly wired transtormers.

The continuity test 1s performed in Final
Assembly atter all HV. LV and accessory
markings (stenciis. decais. etc.) have peen
acohed to the transformer. The following checks
are mage:

a. The namep'ate 1s compared to manufacturing
informationr {or style. senal number, kVA, HV
ranng, LV raung, tap voltages, impedance,
concuctor materia:s and coit BIL rating.

b The aquanuty of bushings. electrical
accessories. ang tuses on the unit.s verified
10 agree with the namepiate and
manutacturing intormation. The bushing
identification on the unit (s checkeg aganst
the namepiate

¢ An ohmmeter i1s tnen used to check the unit
and verify that tne interna! wiring and the
cperanon of alt cevices (breakers. switcnes,
puli-out fuses. etc.) agrees with the
namepiate

CIRCUIT BREAKER TEST

Each transformer that nes an unger-oit breaker 1s
rostes 10 the Breaker test siation There. each

(o * tne dDreaxer 1s testec Dy circulating

S. ent cutrent 1o tnip the breaxer within
twently SeCONCSs Thisis an operanonal test which
assyres tnat tne breaxer was carrectly irstalied
anc s mecnanicalty anc eiecirically soung




4, Special Tests

Special tests are performed at the option of the
customer or the gesign engineer.

A. SOUND TESTING
Some customers specify a maximum allowable
transtormer sound level. The sound generated by
a transformer i1s atfected by the core geometry,
flux density, tank gesign. and the quality ot
assembly of alt of the transtormer component
in1o a completed unit.

Sound measurements are made on the "A”
weighted scale. The “A” characteristic best
relates how a young histener (with normatl
hearing) hears the compiex transformer-
generated sound. For reference, zero dBis a
sound leve! just barely below the minimum
detectable sound ievel of the “young listener™.
The noise level in a large cffice usually is
between 50 and 60 dB. Very ioud sounds such as
nearby airplanes and raiiroad trains may exceed
100 dB.

Sound level tests reguire an ambient sound level
at least five, and preferably ten, gecibels lower
than the sound level of the transformer and
ambient combined. The tesis are pertormed In
the shipping warehouse and are scheduied
curing off-shifts to obtain the iowest practical
ambient sound level (approximately 36 dB).
Sound tests are made with the unit powered at
100% and 110% of rated voltage under no-load
conditions

Souncg measurements are made at three-foot
intervals on a stretched string contour around
the tank at hai! the tank height. The points begin
at the grain valve and proceed clockwise around
the tank. The sound instrument nozzle 1s pointed
rorizontally at the string with the end of the
instrumen: one toot from the string.

T~e measurement values are averaged to oblain
2" averace A" weightec sounc level.

PDL 46-300-TT.K
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TEMPERATURE TESTS

Core losses ana co!l ltsses are the primary
sources of heating within the transformer
Temperatures within the transtormers are a
function of:

a. Losses generated by the core and coil
b. Core, coil and tank construction

c. The transformer's external environment
(primarily the surrounding air temperature)

In general, our transformers are guaranteed to
have an average coil winding temperature of no
more than 65°C rise over ambient air
temperature when operatec at rated voitage and
load conditions. {Other winding temperature
rises may be specitied.)

The temperature test is performed to determine
the thermal characteristics of the transformer
and to verify that these characteristics are within
aesign fimits.

The Compromise Method (or Short Circurt
Loading Method) 1s used to stmulate rateg
operating conditions. The low voltage winding
terminals are shorted and sufficient current s
circulatea through the HV windings to generate a
loss within the transformer equivalent to the core
loss plus the load loss. The transformer tap
changer i1s connected to Its maximum loss
(lowest volitage) position and total losses are
appilied to the transtormer.

Total Loss = iron Loss -~ Loac Loss

The purpose of this initial loaging 1s tc esiabtish
the maximum o1l rise temperature of the
transtormer Trnermocouples are usec tc moniter
the top anc bolom oIl temperatures anc the
ampient air temperatures The transformers
cperateg at thus 10ading until theincrease in tne
oi! temperature over ampient goes not crhange
more 'nar 1 C ininree hours
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Atter a three-hour period of stable ol Avg Oil Rise = (Top O @ Cutback « Bottom
temperatyre. the loading 1s cut back 1o rated Od @ Cutback) ~ 2

Current and continued for one Nour The .

1 Dutf. = ng Rise - R
transtormer 1s then disconnected from the power Cor D_ Winaing ‘ S Top Oil Rise
source immedia® /. resistance measurements Top Oil Rise = Top Oil @ Cutback - Amb. @
are taken as the transformer cools. The initial Cutback

resistance reagings on each winding are taken Gradient = Winding Rise - Avg. Oil Rise
within four minutes after the transformer 1s ge- ’

energized. Three additional readings are taken, Winding Rise = Wind. Temp - Ambient @
uD 1o @ maximum time of ten minutes after the Cutbactg + (Top Oil @ Cutback
transformer was de-energized. - Top Oil @ Shutdown)

The resistance of a winding prior to de- . .
energizing the transformer can be found by 5. Calibration . _

plotting the resistance readings versus time and The test equipment is periodically calibrated to
extrapoiating the curve back to zero time. assure that the tests are valid and accurate.

Knowing the resistance. the winding temperature More detailed information about the calibration

at the instant of shutdown can be calculated. program is 1n the Electrical Calibration Procedure,
Following are usetu! performance oata obtained QAP302.

from the temperature test:

ABBD Power TAD Company iInc. Bonegun o S A

Unaergrounc Distribution Transtormers
Jetterson City. MO 65101 B-14 January, 1990
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TRIP REPORT
FINAL ACCEPTANCE TESTING OF
NATIONAL INDUSTRI CAST COJIIL TRANSFORMERS
FOR SAN DIEGO NORTH ISI.AND NAVAL BASE

Trip Date: Oct. 8-11, 1990
Location: Hampton VA
Objective: Attend witness testing of cast coil transformers

for the San Diego North Island Naval Base,

Factory Testing:

The following eight transformers contracted with ABB are being
manufactured by ABB/National Industri Transformer Inc. in Hampton,

VA:

2 Shop Order Location Size(kVA) PuC #
1 2897 94 750/1000 CCcé69
2 2898 94 300 CC70
3 2899 378-1 750/1000 CC27A
4 2900 378-1 500 CC27B
5 2901 472 1500 CC45
6 2902 489 1500 CC45
T* 2903 342 112.5 CCleé
8 2904 378-6 500 cCc26
* Shop order # 2903 had not been constructed at the time of this

trip. It is scheduled to be completed in late November.

The following sections will detail all testing performed on each of
the transformers. The certified testing reports issued by National
Industri are included in the appendix of this trip report should
you need further information.

Tests:
1. Coil resistance test
2. Turns ratio test
3. Polari*y & phase rotation
4. No-loaz loss
5. Impedance & load loss
€. Temperature rise test
7. Impulse (BIL) test
8. Applied potential test
9. Induced potential test

10. Partial discharge test




Shop Order #2897:

This transformer is a 750/1000 kVA AA/FA outdoor unit substation
complete with a 15kV fused primary switch and secondary switchgear.
The transformer has a 2400V/12000V reconnectable primary winding
and a 480/277V secondary winding. Each primary winding is
constructed using five sections. These five sections are connected
in series for the 12000V configuration and in parallel for the
2400V configuration. Vertical busses mounted external to the coils
are used to make the series/parallel connections. High voltage
taps are provided on the primary 12000V configuration only. The
primary switch was built in as part of the unit. The secondary
switchgear was not present. It is assumed that ABB will be
supplying this switchgear themselves. Note that the transformers
are painted a non-standard color and that the secondary switchgear
will need to be painted to match. The tests performed on this unit
and the results were as follows:

TEST STATUS
Coil Resistance See test sheet.
Turns Ratio Test See test sheet.
Pol. & Ph. Rotat. Tests okay.
No-load lLoss Measured no-load losses = 2491 watts. This is

substantially less than the guaranteed maximum
of 2800 watts.

Load Loss Measured load losses = 5728 watts. This is
slightly over the guaranteed maximum of 5700
watts, however, it 1is within the +/- 5%
tolerance regquired in the RFP.

Impedance Measured to be 5.21%--this value is within
tolerance of 5% (+/- 10% dual voltage only).

Temperature Rise AA measured (celsius) Max 73.1
FA measured (celsius) Max 68.3
These values are within the required 80 degree
C maximum. Note that the transformer failed
the first FA heat run test, however, passed
the second attempt.

Impulse Test All impulse tests passed. However, problems
were encountered on the H3 coil. The second
chopped wave test on H3 failed. Several

modifications to the test connections were
performed of which none solved the problem.
Finally it was determined that the clearance
between the fan blade and the primary coil was
not sufficient. For 95kV BIL, a minimum of
5.5 1inches 1is needed. The fan blade was
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approximately 2.5 inches from the primary
coil. The fan appeared not to be damaged by
v-~e failures. See narrative for further
d.scussion.

Applied Potential Passed, no problems detected
Induced Potential Passed, no problems detected

Partial Discharge The partial discharge tests were performed
using new equipment in the "Corona Room". The
levels of detected partial discharges were
recorded for both 110% and 150% of rated
primary voltage at both the top and bottom of
each high voltage coil. The levels monitored
contain a substantial amount of background
noise and therefore and not <completely
indicative of the actual level of partial
discharge in the coilil. The transformer was
determined to pass the test in lieu of the
misleading results obtained.

The transformer successfully passed all tests, however, several
problems were experienced during the process. The load loss was
measured to be 28 watts over the guaranteed maximum of 5700.
However, the no-lcad loss was measured substantially under the
guaranteed maximum. The end result is a lower total loss over what
was guaranteed. This transformer reguired four heat runs, AA
(ambient air) 2400V, FA (forced air) 2400V, AA 12000V, and FA
12000V. Both of the AA heat runs passed without incident, however,
the FA heat runs failed. The transformer had been designed and
constructed with 6 cooling fans. Prior to temperature testing, the
design engineer had determined that this design would not be
sufficient and that 12 fans would be required to maintain adequate
cooling. The design engineer then issued an "Engineering Change
Notice ECN" to change the design. This ECN was not executed prior
to testing the transformer. The transformer was then modified to
incorporate the 12 fan desian. The FA heat tests were rerun and
passed successfully. This -odification caused another problem.
when the additional 6 fans were installed the clearance between the
fan blades and the high voltage bus was reduced from 6 inches to

2.5 inches. This spacing proved inadequate as the 95kV impulse
tests failed. It turned out that another ECN had been drafted and
not implemented. The design engineer had proposed a bussing

modification which would allow adequate spacing of 5.5 inches. We
performed the bussing modifications in the impulse bay and were
able to pass all impulse tecsts without further incident. The final
problem encountered while testing this unit was during the partial
discharge testing. The "corona room" is used to perform partial
discharge testing. The large transformers however will not fit in
their corona room, thus, accurate isolated testing is not possible.
The result is a substantial amount of noise overlayed on the
partial discharge display (lissajous figure). No prc-lems with the
transformer were detected during this testing, howeve:r, they are in
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the process of upgrading their test eguipment so that more accurate
testing can be performed.

Shop Order #2898

This transformer is a 300kVA indoor padmount unit with a 480V delta
primary winding and a 208/120V grounded wye secondary. The
following tests were performed on this unit.

TEST
Coil Resistance
Turns Ratio Test
Pel. & Ph. Rot.

No-load Loss

Load Loss

Impedance

Temperature Rise
Impulse Test

Applied Potential
Induced Potential

Partial Discharge

Overall,

STATUS

See test sheet.
See test sheet.
Tests okay.

The measured no-load loss = 1318 watts. This
is under the guaranteed maximum of 1400 watts.

The measured load loss = 3200 watts. This is
over the guaranteed maximum of 3100 watts.

The impedance was measured to be 3.16%. This

is within tolerance.

AA measured (celsius) maximum 49.3

All tests passed at 30kV.

Passed, no problems detected

Passed, no problems detected

This transformer had to be partial discharge

tested in the transformer test bay #1. No
problems were detected.

all tests passed and no proklems were identified. The

clearances in the unit are very tight, however, the unit passed all
30kV impulse tests so the spacing proved to be adequate.

Shop Order #2899

This transformer is a 750/1000kVA AA/FA indoor unit substation
complete with a new 15kV fused primary switch and new secondary

switchgear.

The transformer has a 12kV delta connected primary and

a 480/277V grounded wye secondary.

No tests were witnessed on this unit. T
report for this

certified test

have reviewed the

unit and no problems were
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identified.

Shop Order #2900

This transformer is a 500kVA AA indoor padmount.

The
configuration is within specification.
further information.

temperature rise, and
Refer to the appendix for

losses, impedance,

It has a 480V

delta connected primary and a 208/120V grounded wye connected

secondary.

such no primary voltage taps are required.

The transformer has a very high primary current and

The primary winding is

wound as two sections connected in parallel to supply the high

current required.
follows:

TEST
Coil Resistance
Turns Ratio Test
Pol. & Ph. Rot.

No-Load Loss

Load Loss

Impedance

Temperature Rise
Impulse Test

Appl_ed Potential
Induced Potential

Partial Discharge

All factory tests passed.
the primary bus was detected and replaced.

The tests performed on this unit were as

STATUS
See test sheet.
See test sheet.

Tests okay.

The measured no-lcad loss = 1483 watts. This
is less than the guaranteed maximum of 1600
watts.

The measured load loss = 6204 watts. This is
greater than the guaranteed maximum of 5900
watts. This value is 9 vatts over the +/- 5%
tolerance level.

The measured impedance = 6.22%. This value is
slightly over the tolerance value.

AA measured (celsius) maximum = 54.5
All tests passed at 30kV.

Passed, no problems detected.
Passed, no problems detected.

This transformer had to be partial discharge
tested in transformer test bay #1. No
problems were detected.

Note that a stripped out insulator on
During the impulse

testing intermittent problems were encountered while testing the H3

terminal.

Nothing was found out of order with the transformer.

The *-st gear was reset then the tests were rerun and each test

pass. i withc .t incident.

test cquipment.

The problem was thus assured to be in the
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Shop Order #2901

This transformer is a 1500kVA outdoor retrofit padmount unit. It
has a 12000V delta primary and a 480/277V secondary. The following
tests were performed on this unit:

TEST STATUS
Coil Resistance See test sheet.
Turns Ratio Test See test sheet.
Pol. & Ph. Rot. Tests okay.
No-Load Loss The measured no-load loss = 3689 watts. This

is below the guaranteed maximum of 3900 watts.

Load loss The measured load loss = 9441 watts. this is
below the guaranteed maximum of 9600 watts.

Impedance The measured impedance = 5.6%. This is within
tolerance.

Temperature Rise AA temperature (celsius) maximum = 67.4

Inmpulse Test Passed, no proklems detected.

Applied Potential Passed, no problems detected.
Induced Potential Passed, no problems detected.

Partial Discharge This transformer had an uncharacteristically
good response under the partial discharge
test. No problems were detected.

All tests on this unit went well. No problems were identified.

Shop Order #2902

This transformer is a 1500kVA outdoor retrofit padmount unit. It
has a 12000V delta connected primary and a 480/277V grounded wye
secondary. It will be installed to replace a temporary 3750kVA
unit substation. The existing primary switch will be re-installed.
The following tests were performed on this unit:

TEST STATUS
Coil Resistance See test sheet.
Turns Ratio Test See test sheet.
Pos. & Ph. Rot. Tests okay.
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No-Load Loss The measured no-load loss = 3759 watts. This
© value 1s below the guaranteed maximum of 3900

watts,

Load loss The measured load loss = 9429 watts. This
value is below the guaranteed maximum of 9600
watts.

Impedance The measured impedance = 5.,77%. Within
tolerance.

Temperature Rise Not received yet.

Impulse Test Passed, no problems detected.

Applied Potential Passed, no problems detected.

Induced Potential Passed, no problems detected.

Partial Discharge Passed.

The tests were all performed, however, the certified test report

has not been received. The report was inadvertently not placed in
the transmittal package. The test results presented for this unit

were taken directly from my field notes. The temperature rise
information is not available as I did not witness the overnight
temperature rise tests. The data will be reviewed when the

certified test report is received. Two of the high voltage bus
sections have very sharp edges. These edges cause very high stress
regions on the bus bars. I recommended that they grind the edges
smooth to eliminate this problem. They agreed that it could cause
a problem and stated that they would eliminate the sharp edges.
Several problems were observed while performing the partial
discharge tests. A majority of the problems were corrected by
removing the buswork and adjusting the test apparatus connections
to the coils. It was determined that no problems existed in the
transformer coils. Removal of the sharp edges should eliminate a
majority of the remaining problems.

Shop Order #2903

This unit has not been built. It is scheduled for construction by
late November. No tests were performed on this unit.

Shop Order #2904

This transformer is a 500kVA outdoor padmount unit. It has a

12000V delta primary and a 4. ./277V secondary. The following tests
were performed on this unit:
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TEST STATUS

Coil Resistance See test sheet.

Turns Ratio Test See test sheet.

Pol. & Ph. Rot. Tests okay.

No-Load Loss The measured no-load loss = 2244 watts. This

is under the guaranteed maximum of 2400 watts.

Lcad Loss The measured load loss = 4499 watts. This is
under the guaranteed maximum of 4700 watts.

Impedance The measured impedance = 5.57%. This is
within tolerance.

Temperature Rise Not received yet.

Impulse Test All tests passed.

Applied Potential Passed, no problems detected.

Iaduced Potential Passed, no problems detected.

Partial Discharge Passed.

The tests were all performed, however, the certified test report
has not been received. The report will be sent with the one for
unit #2902. The data will be reviewed when the report is received.
Note that this unit did not have future forced air fan mounting
brackets. These brackets should be added prior to shipping from
National Industri. They informed me that the brackets would be

added. We will want to follow up in the field and verify that they
did get installed.

CONCILUSION:

The tests went well in spite of several challenges. Transformers
#2897 thrcugh 2904 except #2903 are ready for installation. Unit
#2903 will be completed in late november.
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£/ /A NATIONAL INDUSTRI

2520 581r Street Teiepnone Tewx Teletax
Hampton. Virginia 23661 (804) 838-8080 82-3646 (B04) 828-8905

TRANSMITTAL LETTER
FOR

CERTIFIED TEST REPORT

RE: ABB SERVICE <O. DATE: ®fT16 '
2382 E. ARTESIA BLVD.
LONG BEACH, CA 90805 SHOP ORDER NO: 28970

ATTENTION: ROGER RATICAN
JOB NAME: TBA
CUSTOMER: ABB SERVICE CO P.O.NO: LS=01446-C

We are transmitting herewith four (4) copies of the Certified Test
Report for your records.

If you have any gquestions, please do not hesitate to contact me.

Sincerely,

Patty Dorris
Adnin. Assist. Mkt.

;l |4 1)
FAIED EB CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP
B-27




EL A NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02897-1
STYLE NO. §40750B057

KVA 750
TEST DATE OCTOBER %, 1990

S Y 2 R R R R R R R I 2 R I R s R I I T T I T T Y™

» TOP * % VOLTAGE * CoIL 1 * COIL 2 . CoIL 3
'TTEXXZ:X 222 A RS A2 2R 2202 2222 R Al i I s RS R R S R X332 )
- * * L 4 *

*INCEPTION . 150 . 40 pc » 20 pc * 20 pc
(22 XX XERRZRZR 2222222222 R0 22 22 a2 222 122 222 2 XYY 2]
* * * » *
*EXTINCTION 110 * 5 pc * 10 pc * 10 pc

[ ZXZ X2 222ARRA R R 2R RS2 222 A2 2222222 2222222222223 222X XYYy

(222 X2 R2 222X 22222222222 X2 2R 2222222222222 22 222222222 22X2222 20T

* BOTTOM * % VOLTAGE + coIL 1 * coIL 2 *  COIL 3
'Y XX22X2222232222222 X2 222222 XX2 2 ZX2 22 X2 22222222 XXX ISR 2N
* * - * *

*INCEPTION 150 * 10 pc . 20 pc . 50 pc

X 2 2222222222232 2222 X2 2XX2 2 2X2223X2XX2 2222222222222 222 XXXXXXX2 22 2]
* L ] * * *
*EXTINCTION 110 * 3 pc * 10 pc * 15 pc

I Z X2 2SR EARZRZRRXR2R2 222222222 2R 2Z2 X2 2222222 22222222222 R 22222 2 %2 X X

AT -
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£ /A NATIONAL INDUSTRI

2520 58tn Street Telephone Tewex Teletax
Hampton. Virginia 23661 (804) 838-8080 82-2646 (BD4) 838-8905

TRANSMITTAL LETTER
FOR

CERTIFIED TEST REPORT

RE: ABB SERVICE CO. DATE: ®fT16"™
2382 E. ARTESIA BLVD.
LONG BEACH, CA 90805 SHOP ORDER NO: 28970

ATTENTION: ROGER RATICAN
JOB NAME: TBA
CUSTOMER: ABB SERVICE CO P.O.NO: 1LS-01446-C

We are transmitting herewith four (4) copies of the Certified Test
Report for your records.

If you have any qQuestions, please do not hesitate to contact me.

Sincerely,

Patty Dorris
Admin. Assist. Mkt.

-,u e- 5 RT3 EB CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP
B-27




ELR /A NATIONAL INDUSTRI

CERTIFIED TEST REPORT

HOP ORDER 02897-1 STYLE NO. 840750B057 TEST DATE 10-09-90
ODMINAL VOLTAGE: 12000 Delta / 480 Grd-Wye Three Phase 60 Hert:z
VA: 750/1000 CLASS: AA/FA AVG WDG RISE: 75 DEG C.
NSULATION RATED AT 185 DEGREE C BIL (kv): HV=- 95 1V~ 30
USTOMER: ABB SERVICE CO. PO# LS-01446-C

LONG BEACH, CA. 90805
R i e R R R R Y Y

® * * * * * *®

KVA * NO LOAD » * TAP * LOAD * * TOTAL SERIES *

* LLOSSES * % Jex * * JOSSES * % Z +* RESISTANCE @ 95 ¢ »

* 24 C * 24 C » * 95 C * 95 C * PRIMARY SECONDARY =

* (watts) * (volts) * (watts) + * (ohms) (ohms) =

[ 2 X X R X R R R E R E R SRR R R F R EE R YRR EE X ZE R R R I XS Z R R A X E R R E R R E R R R R R R R R R R R R R R R R A R R ]
- * * * * * *

750 * 2491 =* 0.906 * 12000 * 5728 * 5,21 * 7.,02239 * 0.002762 =

* * * * * * * ®

(22223 22X 22 S22 2222222222 2222222222222 R 22232 X222 2 22222222320

2222 EZ XSS RS RS RS RS R RS R AR 2R 222222 A2 2R AR R R 222222 2222222222222 X222 2

L * *

APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO *

HV Lv * 400 Hz, 18 SEC. * *

(kv) (kv) * (volts) * *

I Z X222 XX ZZREE R R XX R AR ZZRA RSS2 2R XXX X2XX2X22RXSXSX2XXSSXSRER R R
» * *

34 4 * 960 * A/B 43.405 *

* * c/A 43.391 »

* * B/C §43.392 *

* * *

22 ZXEES2EXZ2 22223 X2 2222222 222222222222 22 2223222222222 22222222222 RZ2 R4

NSI STANDARD IMPULSE TEST PERFORMED AT 95 KV BIL.

A MEASURED TEMPERATURE RISE (C): HV - 73.1 v - 60.8

A MEASURED TEMPERATURE RISE (C): HV - 68.3 Lv - 51.1

MPEDANCE AND LOAD LOSSES AT TAPS:

1-2) = 5.10% AND 5445 WATTS, (5-6) = 5.28% AND 5787 WATTS.
TIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.

OWER FACTOR TEST PERFORMED AT 2.5 KV:
-G = .747, L~G = .350 AND H-L = .436

ERTIFICATION: /~;§7// >
EST TECHNICI v /éﬁz»-_a\ ENGINEER

o

NATIONAL INDUSTRI TRANSFORMERS, INC. .
HAMPTON, VA. 23661 -
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EL /A NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02897-1
STYLE NO. §40750B057

KVA 750
TEST DATE OCTOBER S5, 1990

[ TIX2 222222222222 22222 Rl il i il e 2T yyorem

* TOP * § VOLTAGE * COIL 1 » COIL 2 * COIL 3
Y222 2Z2X2 2222222222222 2Rl il il y R e R R eI S
* * * * *
*INCEPTION * 150 . 40 pc . 20 pc » 20 pc
(222 XXX E 22X RARRAAR R AR 2222222222 228l S Y R S R R R R R R
* * * * »
*EXTINCTION 110 . 5 pc * 10 pc * 10 pc

I3 XZ2 X222 2 2R 22222 2l 2222222222 XYY R R XX )

(T2 23X R2AZER 2222 AR2 2222 R 222X 2222 2 22 2222222222222 X2 X220

* BOTTOM * % VOLTAGE » COIL 1 . COIL 2 * COIL 3
(XXX X222 XXZE2 222222222 222222222222 222 X2 2 2222222222 222222 X222
* * * * -
*INCEPTION * 150 * 10 pc * 20 pc * 50 pc
(22X X2 Z2 2222 2R 2R2AR2 222222222222 X2222 22222 3X22 22 22X 2222232 2]
* * * » *
*EXTINCTION 110 * 3 pc * 10 pc * 15 pc

I 2 X R XX ER2 XS 2SR ARZRA 2R A2 2222222222 222222 22222222 X222 2222222222222

0N -
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£ /A NATIONAL INDUSTRI

252C 58t Stree - Teiephone Telex Teletax
rampton. Virgirug 23661 : (804) 838-8080 82-36546 {804) 838-8905

TRANSMITTAL LETTER
FOR

CERTIFIED TEST REPORT

RE: ABB SERVICE CO. DATE: ®fT1:¢ im
2382 E. ARTESIA 3LVD.
LONG BEACH, CA 90805 SHOP ORDER NO: 28980

ATTENTION: ROGER RATICAN
JOB NAME: TBA
CUSTOMER: ABB SERVICE CO P.O.NO: LS-01446-C

We are transmitting herewith four (4) copies of the Certified Test
Report for your records.

If you have any question., please do :.0t hesitate to contact me.

Sincere

Patty~“Dorris
Admin. Assist. Mkt.

ABD o

NPT TR S £B CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP




EL A NATIONAL INDUSTRI

* CERTIFIED TEST REPORT =

SHOP ORDER 0289%8-1 STYLE NO. 810300B0O0O1 TEST DATE 10-08-90
NOMINAL VOLTAGE: 480 Delta / 208 Grd-Wye Three Phase 60 Hert:
KVA: 300 CLASS: AA AVG WDG RISE: 65 DEG C.
INSULATION RATED AT 185 DEGREE C BIL (kv): HV- 30 LV- 3¢
CUSTOMER: ABB SERVICE CO. PO# LS-01446-C

LONG BEACH, CA 90805

I Z 2 R X P R R R R R R R R RS2 RSS2 2 2 2 222 28222 XX R I R R R R S R R AR L

* * * * * * *®

* KVA * NO LOAD * * TAP * LOAD * * TOTAL SERIES

* * LOSSES * § Iex * * JLJOSSES * &% Z +* RESISTANCE € 85 C

* * 28 C * 28 C * * 85 C * 85 C * PRIMARY SECONDARY
» * (watts) * * (volts) * (watts) * * (ohms) (ohms)
L1222 22X SRR EREXX2 2R R2 222 R 2222222222222 222 2222 XL R RL LR LY
* ] * * * * * *

* 300 * 1318 * 1.692 * 480 «* 3200 * 3,16 * 0.03365 * 0.001662
* * * * * * * *

[ E R T P XS R AR X X222 22222222822 X XXX 222X X222 2222222 XXX 2T ER DY

(ISR 2 2222222222222 22222 X2 222222222 2222222222222 XXX 3R]

* * *

* APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO

* HV LV * 400 Hz, 18 SEC. *

* (kv) (kv) * (volts) *

(22 2 2 2 R R 2SR R 2R 22222222 X222 22223 X2 2X22X2 222222222222 22222222222 X222 X
* * *

* 12 4 * 416 * A/B 3.994

* * * C/A 3.993

* * * B/C 3.992

* * *

I E X RSS2 RSS2 2222222 22X 222222222 222222 R X222 2X 2222222222222 222 s R}

ANSI STANDARD IMPULSE TEST PERFORMED AT 30 KV BIL.
AA MEASURED TEMPERATURE RISE (C): HV - 49.3 Lv - 48.9

IMPEDANCE AND LOAD LOSSES AT TAPS:

(1-2) = 3.05% AND 2720 WATTS, (5-6) = 3.18% AND 3282 WATTS.
PARTIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PERFORMED AT 2.5 KV:

H-G = .379, = .539 AND H-L = .292

CERTIFICATION: p
/ , ! *
TEST TECHNICIAN % ENGINEER /& )J Qﬂ.& o
/

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

I ER -
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LB /A NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02898-1

STYLE NO. 8§10300B00C1

KVA 300

TEST DATE OCTOBER 8, 1990

[ 22X 2SR 2R 2R A2 2222 X2 2 22222222222 2 22212222 X2 2RI

* TOP * & VOLTAGE * COIL 1 * COIL 2 * CCIL 3 *
(222X ZE 222222 R 22 2R 22 22 2 X2 X222 s 222X R LR
* g * * * *®
*INCEPTION * 150 * 32 pc * 35 pc * 32 pc *

(I 2R XXX R AR AR 2 2222 R 22 R X222 2222 22222222 222222222220 R]

(X2 2222222322222 2 X222 2 X2 2 2 X i 22 X222 R 22222 222222222 2222232222222 22X 20

* BOTTOM * % VOLTAGE + COIL 1 * COIL 2 * COIL 3 *
[ Y22 2 2 X2 3 X222 2232222222223 Y Y222 22223223 2 2 X X2 2T SRS IR S YRR L RN
L * * * * *
*INCEPTION * 150 * 35 pc * 35 pc * 31 pc  *

(22222222 R A2 2R 2222222222222 2222222222222 322222222 2222222223222}

A ERED B-40
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EBA NATIONAL INDUSTRI

2520 58th Stree! Teiepnone Telex Teletax
Mampton. Virginig 23661 (804, 838-8080 82-3646 (804) 838-8905

TRANSMITTAL LETTER
FOR

CERTIFIED TEST REPORT

RE: ABB SERVICE (CO. DATE: ge1 16 1990
2382 E. ARTESIA BLVD,
LONG BEACH, CA 90805 SHOP ORDER NO: C28990

ATTENTION: ROGER RATICZAN
JCB NAME: TBA
CLSTOMER: ABB SERVICE CO. P.O.NO: LS-01446-C

WUe are transmitting hereuith four (4) copies of the Certified Test
Report for your recordgs.

.f you have any questions, please do not hesitate to contact me.

S,
Libby SmV

Customer Service Supervisor

Stnceregly,

ABD o

258 BE_ e 8103 £B CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP




EB /A NATIONAL INDUSTRI

CERTIFIED TEST REPORT

SHOP ORDER 02899%-1 STYLE NO. B840750B0S6 TEST DATE 10-15-90
NOMINAL VOLTAGE: 12000 Delta / 480 Grd-wye Three Phase 60 Hertz
KVA: 75071000 CLASS: AA/FA AVG WDG RISE: 75 DEG.C
INSULATION RATED AT 185 DEGREE C BIL (kv): HV- 95 LV- 30
CUSTOMER: ABB SERVICE CO. PO# LS-01446-C

LONG BEACH, CA 90805

(2 22 R R R R RS X R R 22222 2222222222222 2 2 2 X2 X SRR R RS ERT R L ]

® - * ® = * ®
* KVA * NO LOAD « * TAP * LOAD * * TOTAL SERIES *
* * LOSSES +* % Jex * * LOSSES * % Z +* RESISTANCE @ 95 C =
* » 22 C * 22 C » * 95 C * 95 C * PRIMARY SECONDARY *
* * (watts) = * (volts) * (watts) * * (ohms) (ohms) =
LA 22X 2222 XXX RXREEXXX2 A2 X2 RS2 222222 222222 2t 222222222 R X X220 LY
* * * * * * * * *
* 750 » 2022 * 0.647 * 12000 +* 5159 * 5,41 * 6.02399 * 0.002718 *
* * * * * * * * *
I3 222X R R RZE R AR X222 22222222222 22222 222222223 A2 222X 222X XS SRR R R L NS

(222 22X RS2 XRS RS2 22222222 R R R X 2R 2 2 2 2 222X 22222 2222 2222222222 X2 X222 XL R R

* * * *
* APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO *
* HV Lv * 400 Hz, 18 SEC. * *
* (kv) (kv) * (volts) * *
2222 EXEZE2EXXZZ R AR 2 222X 22222222 R2 22 XX X222 2222222 R X2 XXX XX S
* * * *
* 34 4 * 960 * A/B 43.271 *
* * * C/A 43.259 *
* * * B/C 43.260  *
* * *® *
L 22222 XEZARRZEEEES RS RXZS 22X 2 XS RRAX RSS2 RIS S RS SRS ZS 2SS SRR X 3

ANSI STANDARD IMPULSE TEST PERFORMED AT 95 KV BIL.

AA MEASURED TEMPERATURE RISE (C): HV - 63.6 v - 63.2
FA MEASURED TEMPERATURE RISE (C): HV - 56.9 v - 50.2
IMPEDANCE AND LOAD LOSSES AT TAPS:

(1-2) = 5.33% AND 5020 WATTS, (S5-6) = 5.52% AND 5340 WATTS.

PARTIAL DISCHARGE TFST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PiRFORMED AT 2.5 KV:

H-G = .805, L-G = .495 AND H-L = .182
CERTIFICATION: /// >
’ /e
TEST TECHNICIAN _—~, ¢~ szzils‘¥4, ENGINEER /;;f/~'f (Jopons
v/ /

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

At N B-46

PAR.D E£8 CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP

ASEA QRO W QOVES




£ /A NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER (C2899-1

STYLE NO. 840750B056

KVA 750

TEST DATE OCTOBER 15, 19%0

I R 2222222222222 222222222222 22 2 R a2 2 222 2 R R e 22222222 X RS2 2R R TR R ERY

> TOP * § VOLTAGE * COIL 1 * COIL 2 * COIL 3 *
I R 222222222223 2X2 2222222 R 22 2222 222 i 2 s 2 2 2 2 X2 2 2222222220 20
* * * * * *
*INCEPTION * 150 * 5 pc * 3 pc * 5 pc >
I XTI YRR X RSS2SR 2SR AR RS R 2R 2 Rl s i s s R s 2 222X X R
* * * * * *
*EXTINZTION = 110 * 0 pc * 0 pc * 0 pc *

L N R R R R R X R R X E X RS R SRS R RS2 22 222 22222 22222 2222222222222 R 20

I X P R Y R R R RS SRR SERRAZS RS RS2 2R3 2222222222 X 222222222 3222222222222

* BOTTOM *+ % VOLTAGE * CoIL 1 * COIL 2 *+ COIL 3 =
I P R 2 R X 22222222222 2 X2 X222 32X 2 X222 X222 XX 2222222220 322222 XXX X222 X3
* * * * * *
*INCEPTION + 150 * 5 pc * 3 pc * 3 pc *
I P S 2222222322 X2X2XX2222 22322222 XX22X2 22223222222 2223 X2 2222 2XR2 X2 24
* * * * * *
*EXTINCTION * 110 * 5 pc * 3 pc * 3 pc  *

I EEETXSZRSES RS SRS SRR SRS A2 22 RS SER RS RSR X222 R 2R X2 RR22RRR X222 2]

A DD B-47
AP

ASEs BROWN SOVER: EB CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP
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£ A NATIONAL INDUSTRI

2520 58m Street . Telsphone Telex Yeletax
Hampton Virginia 23661 : (804) 838-8080 82-3646 (804) 838-8905

TRANSMITTAL LETTER
FOR

CERTIFIED TEST REPORT

RE: A38 SERVICE (0. DATE: -gp 1890
2382 2. ARTESIA BLVD. 9718 13
LONG BEAZH, CA 90805 SHOP ORDER NO: 029000

ATTENTION: ROGER RATICAN
JOB NaME: 78aA
CUSTOMER: aA88 SERVICE CO. P.O.NQ: LS-0lede-C

es

Le are t-ansmitling herewith four (4) copies of the Certified
Report for your records.

1f you have any questions, please do not hesitate to contac:t me.

Sincerely, .
Ll Sk

Licby Smékg

Customer Service Supervisor

A DD B-52 )
!..al. EB CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP




EL A NATIONAL INDUSTRI

CERTIFIED TEST REPORT

SHOP ORDER 02900-1 STYLE NO. 810500B001 TEST DATE 10-10-90
NOMINAL VOLTAGE: 480 Delta / 208 Grd-Wye Three Phase 60 Hert:z
KVA: 500/667 CLASS: RA/FFA AVG WDG RISE: 75 DEG C.
INSUCLATION RATED AT 185 DEGREE C BIL (kv): HV- 30 LV~ 30
CUSTOMER: ABB SERVICE CO. PO# LS-01446-C

LONGBEACH, CA 90805

I ZEZ S RS2 2R R RS XSRS RS2 R Rl R XX 2222 2 i sl R RS R R R TR LR TR

* * * * * * *

* KVA * NO LOAD *» * TAP * LOAD * * TOTAL SERIES

* * LOSSES * % Iex * * LOSSES * % Z * RESISTANCE @ 95 C

* * 25 C * 25 C * * 95 C * 935 C * PRIMARY SECONDARY
* * (watts) +* * (volts) (watts) * *  (ohms) (ohms)

I 2222 R R E R F R R R R X R R RZ R AR R RS 22X 2R A N RS2 2R 2R R R R R BT E ]
* * * * * * * *

* 500 » 1483 * 0.953 +* 480 * 6204 * 6.22 * 0.02384 * 0.001183
L 4 L * * * * ] *

I 2 2 2 R 2R 2R XSRS X222 RS2 2222222222282 2222222 RS 22222 X 2SR R TR TR RS

22 SRR R R RSS2 22X 2R X2 R 222 R X2 2222222 X2 2 22 222222 22X X 222222 X322 320X 2

* * *

* APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO
* HV v * 400 Hz, 18 SEC. *

* (kv) (kv) * (volts) *

L E 2R R RS RE R RS RXES2 2222222222222 2222222222222 222222222 X222 222232222 2R XX
* * *

* 12 4 * 416 * L/B 3.994
* * * C/A 3.991
* * * B/C 3.991
* * *

*

(2222222222222 222282222222 2222222222222 22 2 2222 st it s 2 il i il sl R

ANSI STANDARD IMPULSE TEST PERFORMED AT 30 KV EIL.
AA MEASURED TEMPERATURE RISE (C): HV - 53.1 v - 54.5

PARTIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PERFORMED AT 2.5 KV:

H-L = .296, H-G = .605 & L-G = .338

IMPEDANCE AND LOAD LOSSES AT TAPS:

(1-2) = 6.11% AND 6442 WATTS, (5-6) = 6.32% AND 6122 WATTS
b
CERTIFICATION: s
I C o
TEST TECHNICIAN —+ <73~ e ENGINEER ™ ~hvob T & lou=—

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

L IR ED B-53
FAIRRD

ASES BROWN BOVER £8 CORPORATION - A MEMBER OF THE ASE A BROWAN BOVERI GROUP




LR /A NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02900-1

STYLE NO. 8§10500B001

KVA 500

TEST DATE OCTOBER 10, 1990

IS TR 222222222 222 22 dld sl as sl izl I Y S S P R R R YR A )

* TOP = % VOLTAGE * COIL 1 * COIL 2 * COIL 3 *
I R I R I Y T R R R R R Ty
. * * * * C e
*INCEPTION * 150 * 30 pc * 35 pc * 30 pc *

I XTI X2 222222222222 222222 222222222222 X222 22122 R R R RS R )]

1222 X2 22222222 2232228222222 2R 222222222222 2222222222222 22 Y YT YT Y DARE

* BOTTOM * % VOLTAGE * coIL 1 . coIL 2 * COIL 3
I X222 2222323222222 222222222222 23 2322232222222 3 XYY XX RARRCR]
- L 4 ] * ® +
*INCEPTION + 150 . 32 pc * 35 pe * 32 pc *

XXX 222222222222 222 222222222222 2R 2222222222222 2222222232222 222

4L ID B B-54

FAIDED ES CORPORATION - A MEMBER OF THE ASEA BROWN BOVER: GROUP

ASEA BROWN BOVEN.
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£B A NAT

2520 58tn Street
Hampton. Virginia 2366

TEANSMITTAL

LR
CERTIFTIET TEIET ERIPCRT
FE: AREE STRVICE CO. DATE: ‘§r716 1M
IIN2 L. ORFTISIA TLVI.
LING EEDACE, CA 20%¢s SEQJP ORITER NJ: 223252
ATTENTION: RIZIR RATIZAN
JCEB NAME: TEA
CUSTTNER,: AZEZ SIEVICE I P.O0.NO: LE-e.35¢-C
Ve 3re transmitiing herswith £90r (4) cepies ¢f the Cerzif:ed T=:z<
fepnIt oo Y2lT T=cTcrias
IZ Tl mlvAe any JuesTinI, pLlf3se 4A noT Rmesitzte TS o cCnTact o=
S_Rzerely,
\S/m,c,{,/{
Libly Sm#¥h
Customer Service Supervis:rC
- 153 1Ca <. «aLS < P -V as.ae

ABD

asbs 8&E N3 o

IONAL INDUSTRI

Teiepnone Teiox
(804) 838-8080 82-2646

v mmen
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E8 CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP
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{804) 838-8905




EL /A NATIONAL INDUSTRIE

CERTIFIED TEST REPORT

HOP ORDER 029%01-1 STYLE NO. 841500B109 TEST DATE 10-08-90
IOMINAL VOLTAGE: 12000 Delta / 480 Grd-Wye Three Phase 60 Hert:z
VA: 1500/2000 CLASS: AA/FFA AVG WDG RISE: 75 DEG C.
‘'NSULATION RATED AT 185 DEGREE C BIL (kv): HV- 95 LV~ 30
‘USTOMER: ABB SERVICE CO. PO#¥ LS-01446-C

LONG BEACH, CA 90805

2 XXX EXZRER 2SR RXR R 22X R 2222222222 a2l X R R R E R R R R RS R ]

4 * * ® * *® * *
* KVA = NO LOAD +» * TAP * LOAD * * TOTAL SERIES *
J * LOSSES +* % Iex * * LOSSES * % Z * RESISTANCE € 95 C =
J * 23 C = 23 C * * 95 C * 95 C * PRIMARY SECONDARY =*
. * (watts) = * (volts) * (watts) * * (ohms) (ohms) *
22 R R R R R R R R R R R I R Y R R R R R R R R R R R R R RS SR XX X2 XS XSRS B 2REE E Y
k * * * * * * * *
« 1500 3689 * 0.647 * 12000 * 9441 * S5.60 * 2.43206 * 0.001307 *
® * * * * * * * *
[EZ 2222222222 X2 XX 2R R AR R R R X2 X222 X2 X R 22222 22X 22X 22 X2 XX R X3 XXX X R R 2 R 2T

I ZZ 222 E 2SR REXEZ 22X R RSS2 2R 222222222222 a2 Rl 222 2222222222322 2 4

* ® * *
* APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO *
* HV Lv * 400 Hz, 18 SEC. * *
* (kv) (kv) * (volts) * *
L E 2R R ER XSRS R REERZA A 2R R X2 R AR 2222222222 R X222 22X 22X X2 XS 2 X2 X 1
* * * *x
* 34 4 * 960 * A/B £43.285 *
* * * C/A 43.255
* * * B/C 43.265 *
* * *
I 22 R 2 2R SRR R R 22X RS XX RS2 R RS2 X2 2222222222222 RX2X3X2XXRXX222 223222222 X822 R

ANSI STANDARD IMPULSE TEST PERFORMED AT 95 KV BIL.
AA MEASURED TEMPERATURE RISE (C): HV = 67.4 v - 64.8

IMPEDANCE AND LOAD LOSSES AT TAPS:

{1-2) = 5.51% AND 9129 WATTS, (5-6) = 5.77% AND 9794 WATTS.
PARTIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWZIR FACTOR TEST PERFORMED AT 2.5 KV:

H-G = .224, L-G = .501 AND HK-L = .196
CERTIFICATION: {/////
~ 7
TEST TECHNICIAN _Ziem /4ﬁzz;——._= ENGINEER A%égﬁ z. 422&‘A
&~ ’

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

B-60

EB CORPORATION - A MEMBER OF THZ ASZA BROWN BOVERI GROUP




EL A NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02501-1
STYLE NO. 841500B10S

Kva 1500
TEST DATE OCTOBER 8, 1990

Y R I R Y T Y R R e T T Y YU U OO

» TOP * % VOLTAGE * COIL 1 * COIL 2 * COIL 3 ’
T2 XA R 22 RS R AR 2R R R AR R el I I S Y N N R R R R Y
* * ® * * L]
*INCEPTION * 150 * 30 pc * 5 pc * 20 pc ’
[ Z XXX X2 RS2 X222 222222222222 2 22 22 222222222 s 22 Y R S R R RS R
* * * *® * )
*EXTINCTION * 110 * 0 pc * 0 pc * 0 pc '

I 22222 E2RERERRRR2 2R Rl dl R d st sl il i I S Y Y2 RE 2]

[ 22X XXZXRZZRAXERR2 222 dd 22222 2 s 22 R 2222222 YY B

* BOTTOM * % VOLTAGE CoIL 1 * COIL 2 *  COIL 3
I 2 X2 ZZ 2222222222232 222222222222 X222 2R RRERR LT EE N
- * * *

*INCEPTION 150 * 30 pc * 3 pc * 25 pc

[ 2 X RS EE 2222222222222 2222223 X2X2 X2 22X 2XXXXXXX 222 XS
4 * ® » *

*EXTINCTION * 110 * 0 pc * 0 pc * 0 pc

(2SR 22222222222 2222222222 2222222222222 22222222222 222222222 22222 2 222X R

A\ ERED B-61

FAEDEP E8 CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP
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£ A NATIONAL INDUSTRI

2520 58t Street " Teleohone Teiex Tetetax
Hampton. Virgiria 23661 (804) 838-8080 82-3646 (804) 838-8905

TRANSMITTAL LETTER
FOR

CERTIFIED TEST REPORT

RE: ABB SERVICE CO. DATE: 9oy 46 1300
2382 E. ARTESIA BLVD.
LONG BEACH, CA 90805 SHOP ORDER NO: 29020

ATTENTION: ROGER RATICAN
JOB NAME: TBA
CUSTOMER: ABB SERVICE CO P.O.NO: LS-01446-C

We are transmitting herewith four (4) copies of the Certified Test
Report for your records.

If you have any gquestions, please do not hesitate to contact me.

Sincere

atty Dorris
Admin. Assist. Mkt.

nn B-66
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E /A NATIONAL INDUSTRI

CERTIFIED TEST REPORT

SHOP ORDER 02902-1 STYLE NO. 841500B110 TEST DATE 10-09-90
NOMINAL VOLTAGE: 12000 Delta / 480 Grd-Wye Three Phase 60 Her
KVA: 1500/2000 CLASS: AA/FFA AVG WDG RISE: 75 DEG C.
INSULATION RATED AT 185 DEGREE C BIL (kv): HV- 95 1vV-
CUSTOMER: ABB SERVICE CO. PO# 1S-01446-C

LONG BEACH, CA 90805

' 2223222222 FXXX X222 2222222222 2 XXX R R2 8RR R Eagyy gy By g g g g e epury

) - * * * * *

*+ KVA * NO LOAD » * TAP * LOAD * * TOTAL SERIES

” * LOSSES * % Jex +» * JOSSES * & Z =+ RESISTANCE € 95 C
* » 29 C * 29 C + * 95 C * 95 C * PRIMARY SECONDAR
* * (watts) * * (volts) * (watts) * (ohms) (ohms)
22X RS2 X222 22222 s R il Al i s R 222 222X X X2 22 2 R R R RN E
L 4 * * * ] * * *

* 1500 » 3758 * 0.746 * 12000 * 9428 * 5,77 * 2.40637 * 0.00131
* * * * * * * *

(2222222222222 2R 2Rt iss i i 22 2222222222222 222222 22

(222X TXXEREERZ2 AR 2222 222222 222222222 2222222222222 222222222222

* * *

* APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO
* HV Lv * 400 Hz, 18 SEC. *

* (kv) (kv) * (volts) *

[ X3 3X22X2X2X22X222X2Z3X2 32222 X3 X2 XXX 2SS X222 2 RX2 22222 R R R R R
® * *

* 34 4 * 960 * A/B 43.303
* * * C/A 43,289
* * * B/C 43.289
- *

*

[ 22 X2 XXX X222 222 22X22 2222222222222 RS2 2R 222 X2 2 2 22 2Rl sl il

ANSI STANDARD IMPULSE TEST PERFORMED AT 95 KV BIL.

IMPEDANCE AND LOAD LOSSES AT TAPS:

(1-2) = 5.65% AND 9192 WATTS, (S-6) = £$.91% AND 9872 WITTS
PARTIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PERFORMED AT 2.5 KV:

H-L = .235, H-G = ,201 & L-G = .476

CERTIFICATION: / — /) .
./mfé—w ENGINEER ﬁ"‘fﬂ v_! L
/

TEST TECHNICIAN -~ 7~~~

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

A\ BB ED B-67
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EB 4 NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02902~1
STYLE NO. 841500B110

KVA 1500
TEST DATE OCTOBER 9, 1990

'Y22322222XXX22 X232 222 22X 222 2212222222222 32122222222 X2 Y SRR R

* TOP * 3§ VOLTAGE * COIL 1 * COIL 2 * COIL 3 '
'Y22:2222x22X322223232222222232 2222223122222 2222222232222 22 IR YRS )
- * * * * ]
*INCEPTION * 150 * 10 pc * 40 pc * 30 pc

(T X222 AR ER AR 22 R 222222222222 0 22 X2 2222222222 222222232
* * * * *

*EXTINCTION 110 * 0 pc * 15 pc * 10 ~¢

(222 X2 2222222222222 2222222322223 X3 X2 22222222 2222222222222 2222X83 2 XY 3]

(2 X222 22222222222 2R 222222222222 222222222 2222 22222222232 2222222X222 222222 ZZ 3

* BOTTOM * § VOLTAGE * COIL 1 * coIT 2 * COIL 3 ’
[ Y2 X XZT 22X Z2AXER RS RRZRRZ2 X222 223 X2 2 222X 2 2 X221 RumERiszliis s sz XX
* ] L ® * L]
*INCEPTION * 150 * 20 pc * 40 pc * 20 pc ’
(222 X2 SRS IZASZ SRR S SRS 2222 X2 22222 X2 2222222222222 XaZR ]l Rl
* * ® * * 3
*EXTINCTION +* 110 * 10 pc * 15 pc »* 4 pc !

[ Y2232 XXX AEERZEZRZ XXX SRR2 222222 22 R R 222222222222 2Rl 2l

A 1 B-68
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EB /A NATIONAL INDUSTRI

CERTIFIED TEST REPORT

SHCP ORDER 02904-1 STYLE NO. 840500B0S0 TEST DATE 09-19-90
NOMINAL VOLTAGE: 12000 Delta / 480 Grd-Wye Three Phase 60 Hert:
FVA: 500/666 CLASS: AA/FFA AVG WDG RISE: 75 DEG C.
INSULATION RATED AT 185 DEGREE C BIL (kv): HV~ 95 LVe 3¢
CUSTOMER: ABB SERVICE CO. PO# LS-01446-C

LONG BEACH, CA. 90805

I 2 XXX 2 2222322222222 22 R 2R iRl i i sl il Yy YR Y Y e R T R R R

* * * * * * w

= KVA * NO LOAD =* * TAP * LOAD * * TOTAL SERIES

* * [OSSES * %t Iex * * [JOSSES * 3 Z = RESISTANCE @ ©5 ¢
* * 26 C *» 26 C * M 95 C * 95 C * PRIMARY SECONDARY
* * (watts) * * (volts) * (watts) * * (ohms) (ohms)
Y23 3222222222222 X222 220 2R 2R 2R Rl Al il i R RS R R R R R S R R R XA,
* * ] * * * * *

* 500 ~ 2244 * 1.689 * 12000 = 4499 * 5,57 * 13,.50484 * 0.004515
* * * * * * * *
2222222222322 22222282 X222 22 22222 22222222 22 R R R R R E R R R TSR I

I 2 X R R SRR R R R R SRR R 202222222222 222 22222 22 2222 22 X222 32222222 R 2R RN

* * *

* APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO
* HV v * 400 Hz, 13 SEC. *

* (kv) (kv) * (volts) *

I 2 2 XXX 2R X R XEZ XXX ZXZRR2A2ZAXXSZRZEESZ 2SR A2 2R 222X RXXRRRS SRR R XX
w * *

* 34 4 * 960 * A/B 43.267
» * * C/A 43.253
* * * B/C 43.260
* * *

*

I Z E X REZ R RR SRR SR RRER RS2 2222222 R RS2 X222 A2 RRR22R XX

ANSI STANDARD IMPULSE TEST PERFORMED AT 95 KV BIL.
AA MEASURED TEMPERATURE RISE (C): HV - 66.6 Lv - 54.0

IMPEDANCE AND LOAD LOSSES AT TAPS:

(1-2) = 5.51% AND 4344 WATTS, (5-6) = 5.73% = 4638 WATTS
PARTIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PERFORMED AT 2.5 KV:

E-L = .186, H-G = .182 & L-G = .677

CERTIFICATION: //// . P , /7
TEST TECHNICIAN _ -+, > s ENGINEER -{ﬁh‘4 R/ e

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

AL ID ED B-73
FAIPED
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EL A NATIONAL INDUSTR?

2520 S8t Stree! - Tewopnone Telox Telefax
Mamptor. Virginia 23661 (80«4) 838-8080 82-3646 {804) 838-8905

TRANSMITTAL LETTER .
FOR

CERTIFIED TEST REPORT

RE: ABB SERVICE CO. DATE: (0CT 16 1990
2382 E. ARTESIA BLVD.
LONG BEACH, CA 90805 SHOP ORDER NO: 29040

ATTENTION: ROGER RATICAN
JOB NAME: TBA
CUSTOMER: ABB SERVICE CO P.O.NO: [LS-01446-C

We are transmitting herewith four (4) copies of the Certified Test
Report for your records.

If you have any questions, please do not hesitate to contact me.

Patty Dorris

Admin. Assist. Mkt.

Sincerely

ALB -
l. £8 CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP
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EL /A NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02904-1
STYLE NO. 840500B050

KVA 500
TEST DATE OCTOBER 11, 19%0

[ Y2 2222222222222 22222 22222222222 222222222222 R 2 R R R Y SRR R )

*+  TOP * § VOLTAGE * coIL 1 * CoIL 2 *  COIL 3 ¢
' X 2 X222 222222222222 222222 a2t i i 2 sz sl P S S R SRR ]
*® * * * * L]
*INCEPTION + 150 * 3 pc * 5 pc * 15 pc v
P22 222X SR 22 R X 2222 2222222222222 2 i2 a2 22 222 22 2 X2 X2 XX X 2 R X R R L BR B R R PE PR I
* * * * * k]
*EXTINCTION + 110 * 0 pc * 5 pc * 0 pc v

[ XX EXEE2ERE 22222222 22222212222 2 2222222 222222222222 2222223 X X0 gy

I X222 22X A2 222 222222222222 2222 X222 22X 222 X2 X222 22222 YT Y

* BOTTOM * % VOLTAGE + CoIL 1 * COIL 2 *  COIL 3 v
I 2 A EEXX22ZX2 20222222222 X222 X2 22222222222 X222223222222X22XXXX23 222 XX X
» * * L * L)
*INCEPTION  * 150 * 3 pc * 5 pc * 15 pc
[T 22X ER SRR ZERRZRASZRRA 2R X2 X2 X222 223222222222 X222232 23222 X2 X2 X2XXXRE X 2
* * * * * *
*EXTINCTION + 110 * 0 pc * 5 pc * 0 pc -

I ZZ2 X2 ZXXRXERAZ SRR SRAR 2222222222 22222222 2222222 X2 X222 RR222a2 a2 2]

AL 1P BD B-75
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August, 1985

Ssguee sates Berwa' 7421 | Do 8/04

Manual 7421-1

(+or Closans 7431 And 7427)

Instructions for Receiving, Installing
Operating and Maintaining

DRY TYPE
TRANSFORMERS

W 1

Jp

|
|

W
TRHTHY

!‘
{
\

‘(
',“f_.

PRI

|
.~

Il
it

Do Not Jeck Or Pull Engs

rs./
Rolling And Jecking Ares

Use Four Rolier Ski¢ Dollies As Shown Yo
Prevent Distortion Of Base And Enciosure

SQUARE D COMPANY
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DRY TYPE TRANSFORMERS INSTRUCTION

MANUAL 742141

421
7421

Ory Tyoe Core Ang Coll Assemply, Compact Type, In 36 Deec. ventllatec Enclosure

SQUARE D COMPANY
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Ll 4

INSTRUCTION
MANUAL 74211

DRY TYPE TRANSFORMERS CLASS

7421
182

Guide For The
Operation And Maintenance Of
Indoor Ventilated Dry Type Transformers

This mstruction manual covers general reconunendations
for the gperation and mamntenance of dry tvpe disiribu-
ton and power transformers.

Tire successful operation of these transformers 1s depen-
dent on proper nsialiation, loading and manicnance as
well as on proper design and manufacture. As with all
electnic apparatus, negect of certam fundamental require-
ments may lead to senous trouble. 1f not to the loss of
the cquipment. For tlus reason, a wide distribution of
iformauon 1 regard to the care of dry 1vpe transformers
15 imporiant, and these bnefl structions are published for
thatl purpose.

In addition to the use of this guide, the factory mayv be
consulted for specific recommendations on special conds-
uons. Also reference may be made 1o other pubucations,
some of wiuch are bsted in the Appendix.

1. INSTALLATION
A. Location

Factors which should be kept clearly in mind in locaung
diy type trunsformers are aceessibiity, ventilation and
stmospherne condions.

Venuiated dnv 1vpe transformers normally are designed
for nstadlation indoors i dry lucations. They will oper-
ate successiully where the hunudity 1s high but under this
condition 11 may be necessary to take precautions to heep
them dry f they are shut down for appreciable penods.
Tins s discussed more fully under “Operation.” Locations
where therc s dnpping water should be avoided. If tins 1s
not possibie. suitable protecton should pe provided to
rresent water from entenng the transformer case. Precau-
tons should be taen to peard agaast accidental entrance
of water, such as nught occur from an open window, by a
brear an 3 water or steums hine, o from use of water near
the transfornmers Adequaic ventilation is essential {or the
prope: cooiing of transformers Clean drv air s desirable.
Filtered air muy reduce marntenance if the locaton rre-
sents 2 particular problens. Wiien transformers are nstali-
cd i vaults or other resiricted spaces. sufficient ventija-
uon shouid be provided to hoid the air temperature with-

SQUARE D COMPANY

in cstablished himits when measured nea: the transfonner
mlets. This usualhy will 1equire 3 nunmum of 100 cupic
feet of air per munute per Kilowatt of tansformer Joss.
The atea of ventlating openings required depends on 1he
height of the vault. the jocauon of opcnmgs, and the
maximum Joads to be carned by the tunsfonmers. For
scif.cooied  transtormers, the  rcaun-d cficctive wica
shouid be at least one sguare foot cuch of mlet and vutict
per 100 KV'A of rared transfutmer capacitv. atter deduc-
tion of the area occupied by screens. gratings ot louvers.

Ventilated drv type transformers should be instalied in
focations free from unusual dust producing mediums or
chemical fumes. Transformers shonld be located at leas:
12 inches from walls or utirer vbstructions that nught pre-
vent free circulauon of air through and around cach unit.
The disiance between adiacent transiormers should not be
less than this value. Alse. aceessibilinn for maintenance
should be taken into account m focating 2 iransformer. I
the transiormer 1s to be located nea: combusiibie mate:-
igls, the mumimum separations established by the Nauonal
Ciectrical Code shouid be muantaned.

The transformer case 18 designed 1o prevent toe entrance «
of most smull ammals and foreign obiects. lowever, o
some locations. 1t may be necessan to give consideration
to additional preicction.

In general, 3 fiat, level mdustrial floor is adequate and no
special preparation 1s necessary because of e base con-
struction used un these transformers winch completely
clininates the comphicated process of grouting sills nio
concrete fioors.

1T nosse 15 0 fuctor i the docation and operation of am
transfonmers, special consideration should be given to the
mstaiizhion 0! the cquipment.

The imulse stiengtiv of these transtormers s less than
that of hguid-namersed units of the same volwags ciass. 1
there s any Bikeimood that tanstonmers will be caposed
to hightnimg o1 severe swatchmg suiees. adeguate prote.-
uve eguipmen: shoulc be providedd.

C-5




TLASS
7424
7412

Transformers of standard temperature nse are designed 10
operate at altitudes up to and mcluding 3300 feet. Dry
tvpe transfotmers are dependent upon an for dissipation
of thewr heat Josses and conseonentiy the effcct of de-
creased wrr density due to Tugh altitude g te ncrcase the
tempersture nise. Standard transformers can be used at
altirudes grearer than 3300 feet1f the Joad 1o be carned
1s reduced beiow nameplate rating as {oliows

{16 the transformer 1s dry type, self-covled, Class AA.

DRY TYPE TRANSFORMERS

INSTRUCTION
MANUAL 7421-1

reduce the nameplate rating by 0.3% for each 330 feet
that the alutude is above 3300 feet.

tJ

I the 1ransformer is 3 dry tvpe. forced air cooled,
Class AA'FA. 1educe the nameplate raung by 0.5%
for cach 330 feet that the altitude is above 3300 feet.

{ the maximum 24 hour averape temperature of the cool-
mg air is reduced below design levels, the altitude hmita-
uon of 3300 feet can be safely exceeded without reducing
the nameplate ratng of the transformer within the limita-
uons of the table below,

Maximum 24-hour Average Temperature of Cooling Air, Degrees C

| % Altitude ]
3300 Feet | 6600 Feet | 9900 Feet | 13200 Feet
Type of {1000 (2000 {3000 (4000
Apparatus Meters) | Meters) Meters) Meters)
DRY-TYPE CLASS
AA
BO“C rise 30 26 P 18
115°C rise I 30 24 18 12
150°C rise | 30 22 15 ?
| ORY-TYPE CLASS |
AA/FA
BO°C rise 30 22 14 6
115°C rise 30 18 7 5
15C°C rise 30 15 0 15

B. Inspection

New transformers should be inspected when received for
damage duning shuipment Examination should be made be-
fore removing from cars or trucks 2nd 1f any injuny is
cvideni or any ndication of rough handiing 1s visible. a
clame should be flied with the carrier at once and the
manufacturer should be notiNed.

Subseyuenth | covers or panels should be removed and an
wternal anspecton made for wuny or displacement of
parts. looss or brokern connections. Jracked porcelain, dint
or toreien matena and for the presence of free water or
maicture Corrective measures should be taken where nec-
essary . Sinpping braces shouid be removed 1f providec.

Alter 3 transformer is moved. or if 1t is stored pefore
mstallavon, this inspection shouid be repeated before
placing the transformer i service,

SQUARE D COMPANY

After making all the necessary prnimary and secondary
connections the equipment should be thoroughly inspeci-
ed. Before placing inservice. the operation of fans, motors.
thermal relayvs and other auxibary devices should be
checked. All bolted connecuons which may have Joosened
in shipment must be tightened before encrgizing. See
lorque listing below.

Keps nuts must be tightened to the following torque:

Size 1/4 - 20 torque 4-6 foot pounds
Size $/16 — 18 1orque 6-12 foot pounds
Size 3'8 - 1€ 101que 15-20 fool pounds
Size 1/2 - 13 1orque 25-20 foot pounds

Do not over tighten.




S Rl DRY TYPE TRANSFORMEHS 24 e

MANJUAL 7321-1

snreaders e nrotect the enclosure. 14 they must be rolied
0! shadded, use four rolier shad dollies. one near cach nte-
gral lfung device. to prevent upping and distoruon of

C. Handiing

Lorpe cnn tvpe transformers are correctly handied s
snowr peiow . This method will prevent dcamage o the
siieet meil enciosure using reasonabic care. These trans-

base and enclosure.

Wihen vemiiated transformers are handled or stored out-

formicrs are constructed on a heavy. nme base proviged
doors, they must be compictely protecicd 2gamnsi any .

witi, ntesne biung devices as seen In the pioto. They

mest be [hed ondy from the base using proper cavle clement weather o prevent entiance of 13 o1 snow,

r— -
[

N LA

SQRUARE D COMSANY
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INSTRUCTION
MANUAL 7421-1

F1asS DRY TYPE TRANSFORMERS

1421
1422

D.Grounding

The case and core assembly of these transformers should
be permanentiy and adequately grounded.

2. TESTING
A. insulation Resistance — Required
1. GENERAL

Tirc nsulation resistance 1est is of value for future com-
purative putposes and also for acternumung the suntabibity

of the transformer for energizing or application of the
high potenual test. THE INSULATION RESISTANCE
TEST MUST BL SUCCLSSFULLY COMPLETED FOR
FACTORY WARRANTY TO BE VALID. INSULATION
RESISTANCE TEST MUST BE CONDUCTED IMMED]-
ATELY PRIOR TO ENERGIZING THE TRANSFORM-
ER OR BEGINNING THE DIELECTRIC TLST.

All dry type unit substation transformers are given insula-
tion resistance tests at the factoryv. These values ure
recorded on a larpe megger test tag. facsimile shown
below, attached to the transformer.

IMPORTANT

READ CAREFULLY

FOR TRANSFORMER WARRANTY TO BE VALID, THE FOLLOWING MEGGER TESTS MUST BE
MADE, USING A MINIMUM OF A 1000 VOLT MEGGER, IMMEDIATELY PRIOR TO PLACING
THIS TRANSFORMEF IN SERVICE. BEFORE USING MEGGER BE SURE TO DISCONNECT
LIGHTNING ARRESTERS, FAN SYSTEM, METERS, OR ANY LOW VOLTAGE CONTROL SYSTEM
THAT 1S CONNECTED TO ANY WINDINGS INVOLVED IN THIS TEST. THE TABULATIONS
BELOW ARE VALUES OBTAINED ON THE FACTORY TEST FLOOR USING 1000 VOLT
INSTRUMENT WITH A 2000 MEGOHM SCALE. IF VALUES OBTAINED IN THE FIELD TESTS

ARE LESS THAN 1000 MEGOHM OR ONE.HALF THE FACTORY TEST VALUES LISTED BELOW
WHICHEVER 1S THE LESSER, THEN THE TRANSFORMER $HOULD NOT BE ENERGIZED UNTIL

IT IS DRIED QUT AS DESCRIBED IN THE INSTRUCTION MANUAL FOR DRY TYPE TRANSFORMERS.

TRANSFORMER SERIAL NO.
DATE _ (OW VOLTAGE TO GRD. MEGS.

LV. TO HV.________ _MEGS., MV. 1O GRD.___ __ ___MEGS. BY  _ ____ _

43006-081 .01

11 the test tap s Jort or destroned, refer to the factory TURE in degrees Centigrade. must be either 1.000 meg.

wirere a permanent record of these test resulis s kept on

e

Tne ficld incuiation resistance test must be conducted
pamediates poor to energane the transformer. These
vatues, CORRECTED TO FACTORY TEST TEMPLERA-

STUARE_D COMPANY

ohms or a munimum of one-half or more of the vaues
obtained n the factory test when this valuc is less than
1.000 megohuns. If the corrected ficid test values are less
than the above mimmmum, the transforme: 1s consigered
unsafc 1o encrgize and mst be drnied using procedure
described under mamntenance.

c-8
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2. TEST PROCEDURE
3 If the transformer is not scheduled to be energized
wmediately | it is recommended that within one wecek
after recemving. ireat be piaced under the transformer to
insure dryness for megger test.

Sia 150 watt lamps placed under the transformer: two
Jamps under cach coil. one on each side of the core
should be used fur transformers rated 750 KVA and
below  Use sin 200 watt I nps for transformers rated
T3] 10 2000 KV A. Heat should be supphed on a con-
tunucus 24 hour per day basis. Ventilating openings
should be blocked dunng this peniod.

b. Make sure transformer is clean using vacuum cleaner
to msure removal of all foreign material that may
affect insufation resistance test values.

c. Disconnect ALL high voltage, low voltage and
neutral connections, as well as hghtning arresters. fan
svstem, meters or any low voltage control system that
15 connected to any windings involved in this test. Do
not disconnect ground connection to transformer
frame.

CAUTION

TEMPERATURE CONTROL SYSTEM (IF FUR-
NISHED)MUST BE COMPLETELY DISCONNECTED
DURING ANY TRANSFORMER TEST SUCH AS
MEGGLER, DICELECTRIC (HI-POT). DOBLE. ETC..
TO PREVENT DESTRUCTION OF TEMPERATURE
CONTROL CIRCUITRY'. ’

¢. Before beginning megger checks. jumper together all
high voltage connections. Make sure jumpers are ciear
of all stee! ind grounded parts. Also jumper together
al! low vo.. 2 and neutral connections again making
sure jumpers are clear of all steel and grounded parts.

e. Using 2 megger with a nunimum scale of 2.000
megoims and nummum rauing of 1.000 volts, make
megeer checks with the megger connected as foliows
{(Nvte Each megeger check to be maintained for a per-
10¢ of one munute )

DRY TYPE TRANSFORMERS

SGUARE D COMPANY

7421
7422

(1) High voltage to ground
(2) Low voltage to pround
(3) High voliage 10 low voltage

f. Megpper readings should be recorded along with test
temperature (°C). 1f heat has been appiied 1o trans.
former, determine temperature of transformer al ume
of test by plucing thermometer on top of transformer
core and allowing time for thermometer reading 1o
stabibize. Using tabie on page 6. deiernune correction
muiupher and muluply fieid test megger readings to
obiain temperature corrected ficld test megeer values.

g. If corrected field test mepger value- are less than
one-hall of factory test rcadings. the :ransformer is
not considered safe for energizing or performing di-
electric tests. Transformer should be dried as outlined
under maintenance section.

h. i the corrected field test values are one-halfl or
more of the factory readings or 1.000 megohms,
whichever is less, the transformer 1s considered safe for
conducting the dielectric test or enerpzing. Trans-
former connections should be remade and transformer
energized immediately aflter compleling insulation re-
sistance test if dielectric test is not to be compieted.

B. Dielectric Test — Recommended

1. GENERAL

The dielectric test imposes a stress on the insulation since
the diglectine test voltage is higher than the normal oper-
ating voltage. The insulation resistance test must be suc-
cessfully compicied imumediately before performing the
dielectric test to prevent the possibility of transformer
fatdure due to mossture. The dielectric test supplements
the megger tests by determining the suitability of the
transformer for opesation at rated voliage.

Ficld test voltages should not exceed 75% of factory test
vajues. For routine periodic checks test voltape should be
€5% of factory test voltape. The high potenna’ test set
must be variable to aliow a graduai mcrease of tes: voltage
from zero and gradual decrease afier test is completed

c-9
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Foliowing 1s 2 1able showing factory dielectric test voltages wit'- .- commended field and periodic test voltages relative 1o
£ £ 3 15 P B

the rated voltage of the respective windings.

Transiormer Faciory Recommended Recommended
Winding Rated Test Field Test Persodic Test
' A.C.Voltage A.C. Voltage A.C. Voltage (75%) A.C. Voltage (65%)
1.2 KV & beiow 4 KV 30 KV 26 Kv
24 KV 10 KV 75 KV 65 KV
416 KV 12 KV 00 KV 78 KV
a8 KV 12 KV 80 KV 78 KV
. 69 KV 19 KV 14.25 KV 12.25 KV
I 72 kv 19 KV 14.25 KV 12.35 KV
| €32 kv 19 KV 14.25 KV 1235 KV
120 kv 31 KV 23.25 KV 20.15 KV
i12,47 KV 31 KV 23.25 KV 20.15 KV
1 13.2 KV 31 KV 23.28 KV 20.15 KV
f13g kv KV 23.25 KV 20.15 KV

Under some conditions. transformers may be subjected to a periodic insulation test using direct voltage from kenotron
sets. In such cases, the test direct voltage should not exceed the original factory test rms alternating voltage; e.g., if the
factory test was 3] kilovolts root mean square (kV rms}, then the routine test direct vollage should not exceed 31k\ .

<. TEST PROCEDURE

a. Transformer must successfully pass the Insulation
Resisiance test immediately prior to statting dieiectric
tests.

t Recheck items c. d and e of insulation resistance test
to make sure transformer remains completely isojated
and Jumpers are still connected.

¢ Jumper low voltage windings to ground.

¢ Connect lugh potential test between high voltage
winding and ground. Gradually increase test voltage to
desirec value. Allow test voliage duration of one minute
after whuch gradually decrease voltage to zero.

¢. Remove low veltage to ground jumper and connect
lugh potenual test between jow voltage winding and
tround  Repeat test using proper test voltage for low
voliage winding rated voliage.

[ 17 tesis i jtems ¢ and e do not produce failure or
breakaowns. transforme: 1s considered satisfactory and
120y lo be energuzed.

£. Remese all nimpers and reconnect primary and
secondary connections. hghtmng arresters. control cir-
cunts. etc., that may bave been disconnected for test.
Energize transformer immediately.

SQUARE D COMPANY

3. STORAGE

Ventilated dry-tvpe transformers preferably should be
stored in a warm drv location with uniform temperature.
Ventilating openings should be covered to keep out dust.
If it is necessany to leave a transformer outdoors it shouid
be thoroughly protected to prevent moisture and foreign
material from entering. Condensation and the absorpuon
of moisture can be prevented or grestly reduced by the
immediate installation of space heaters or other small
electric heaters. If more convenient, incandescent lamps
may be substituted for the space heaters. For transformer
ratings 750 KV A three phase and below, use six 150 watt
Jamps, above 750 KV A three phase, use six 300 wau
lamps or equivalent. Two lamps should be located under
each coil, one on each side of the core. Lamps or heaters
should be kept 4 - 6 inches from transformer coils and
shouid never be aliowed to come in contac: with trans-
former coil insulation.

4. MAINTENANCE
A. Periodic Inspection and Maintenance

Like other electnic equipment. these transformers reauire
maintenance {rom time to ume to assure succe <ful o: .-
tion. Inspection should be made ai regular . 2rvals wad
corrective measyres ix-on when necessary 1o assure ihe
most satisfactory service from this equipment.

P
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The frequeney at wiuch these transiormers should be -
specied depends on operating conditions. For clean dry
jocations an inspecuion annually . or atter a longer penod,
mav be sufficient. However. for other jocauons. such as
may be encountered where the a1t is contaminated with
dust or chenucal fumes. an mspection at three or sin
month antervals may be requured. Usually after the first
few mspection penods a defmute schedule can be set up
based on the existing conditions

With the transforme: de-enercized. front and rear access
panels shoulcd be removed. Inspections should be made for
dirt. especially accumulavions on ansulating surfaces or
for those which tend to restrict air fiow, tor louse con-
necuons, for the condition of tap changers or ternunal
boards and for the general condiuon of the transformer.
Observation should be made for sipns of overheating and
of voitage creepage over insulating surfaces as evidenced
by tracking or carbonization.

Evidence of rusting. corrosion and deterioration of the
pamt should be checked, and correclive measures taken
wiicre necessary.

Fans. motors and other auxiliarv devices should be in-
spected and serviced durning thesc inspection periods.

B. Cleanming

If excessive accumulations of dirt are found on the trans-
former windings or msulators when the transformer is in-
specied, the dirt should be removed 1o pernut free circuly-
non of air and te guard against the possibility of mmsula-
tuon breancdowns. Partucuiar attention should be given to
cieaming top and bottom ends of winding assembhes. and
to cieaning out ventdaung ducts.

The windings mav be cleaned with a vacuum cleaner, 2
blovwe:. or with compresssé air. The use of a vacuum
cicaner s preferred as the first step an cieaming foliowed
by the use o7 compressec air or nitrogen The compressed
1T 07 mtregsn should pe ocicar and ¢ry and shoulc be
apnhicd at a reiativeiy jow pressure (no! over 23 psi) Lead
sunports. tap changers and ternunal boards. bushungs and
odier mpor msuisung surfaces shouid be brushed or
wiped with g €ny cioth. Tne use of higuid cleaners 1s un-
desizabic because sume of thens have ¢ solvent o1 detenor-
aung elfect vn moest msuianing mtenals

C. Drving of Core and Coll Assemitih

When it s necessary 1o doy ouwt a transiormer before m-

DRY TYPE TRANSFORMERS
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stallation or after an extended shutdown under relatively
high hunudnty conditions. one of the following methods
may be used:

11 External heat
2) Internal heat
3) External and mternal heat

Before applving any of these methods, free mosture
should be biown or wiped off of the windings to reduce
the ume of the drying period.

1) Drving by External Heat - External heat may be ap.
phied to the transiormer by une of the foliowing methods:

a. By directing heated air into the bottom air inlets
of the transformer case.

t. By placing the core and coil assembly in 2 non.
flammabie box with openings at the top and botiom
through which heated air can be circulated.

¢. By placing the core and coil assembly in a2 suit-
ably ventilated oven.

¢. Bv placing incandescent lamps in transformer en-
closurc. Sce storage secuon for details.

It 15 important that most of the heated wr be biown
through the winding ducts and not around the sides. Good
ventilation s essential i arder that condensanion will not
tabe place m the transformer wsell or inside the case. A
sufiicient quantity of air 1ould he used 1o assure approns-
mately equal inict and outlet temperatures.

When using cither of the first two external heating meth-
ods. heat may be obtained by the use of resistance gncs or
space heaters. These may either be jocated inside the case
or box or mav be placed outside and the heat blown inio
the bottom of the casc or box. The core and coil assemblyv
should be carcfully protected against direct radiation from
the heaters.

1t is recommended that the air temperature should not ea-
ceed 110 C.

2) Devieg by Internal Heat — Tius method requires vol:-
ages and currents which may be difficult to obtam e the
ficié and therefore is not useC as frequently as external

The transformer should be jocared o aliow free circula-
uon of air through the coils frum the bottom to the top

2192
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of the case. One winding should be short.circuited, and
sufficient voliage at normal frequency shouid be applied
to the other winding to circuiate approximately nornml
current.

It is recommended that the winding temperature not be
aliowed to exceed 10(°PC.as measured by resistance or by
thermometers placed ie the ducts between the windings.
Tie thermometers used should be of the spirit tvpe be-
cause mercuny thenmometcrs pve erroneous readings due
to the generation of heat in the mercury as a result of
mduced eddy currents. The end terminals of the windings
and not the taps) must be used in order to circulate cur-
rent through the enure winding. Proper precaution should
be taken 1o protect the operator from dangerous voitapes.

31 Dryving by External and Internal Heat — This is a com-
binauorn of the two methods previously described. and 1s
by far the quickest method. The transformer core and coil
assemnbly should be piaced in a nonfiammable box, or
kept in 1ts own casc if suitable, and external neat appled
as descriped 1n the first method. and current circujated
through the windings as describec in the second method.
The current required will be considerably less than when
no externd: hesung is used but should be sufficient to pro-
cuce the desireu :emperature of the windings. It is recom-
mended that the temperatures atiained not exceed those
stated in the foregoing.

D. Use of Insulation Resistance for Determining Drving
Time

Dryving tyme depends on the condition of the transformer,
size, voliage, amount of moisture azsorbed, and the meth-
od of dnving usecd.

The measurement of insulation resistance is of value in
deternung the status of drying. Measurements should be
taken before starting tiie drving process and at two-hour
intenvals duning drving. The iniual value. il taken at ordin-
ary temperatures, may be fugh even though the msulation
muy no! be ¢n Because insulabion resistance vanes in-
versels with temperature. the transformer temperature
should be Kept approximately constant during the drvg
penioc to obtain comparaive readings. As the transtormer
1s heated. the presence of moisture will be evident by the
rapi¢ drop 1n resistance measurement. Following this per-
10¢ the nsulation resistance wili peneraliv increase gracdu-
allv unul near the end of the dryving period when 1t will
increase more rapidlv. Someumes 1t will nse and f{ali
through a short range before steadving because maisture

SQUARE D COMPANY
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in the interior of the insulation is working out through the
iniually dned portions. A curve with time as abscissa and
resistance as ordinate should be plotied and “e run
should be continued until the resistance levels o, and re-
mains relative]y constant {or three to four hours.

Insulation resistance measurements should be taken for
cach winding to ground with all windimgs grounded except
the one being tested. Before taking insulation resistance
measurements the current should be interrupted and the
winding should be short-circuited and grounded for at
Jeast one minute to drain off any siatic charge. All read-
ings should be for the same time of application of the test
voltage, preferably onc minute.

E. Cautions

Constant attendz:ce during the drving process is desirabje.
It is advisable to have a suitable fire extinguisher conven-
ient for use in the event of an emergency.

5. OPERATION
A. Removal of Covers over Openings

Covers over openings in the transformer case must not be
removed while the transformer 1s energized.

B. Effect of Humidity

As long as the transformer is energized humidity condi-
tions are relativeiy umimportant. In the event that a dn
wpe transformer is deenergized and aliowed 10 cool to
ambient tempcrature, consideration must be given to the
possibie effects of humidity.

If the shutdown penod occurs during fow humidity con-
ditiorss no spccial precavtions shouid be required before
enerpzing the unit.

Experience indicates that if 2 shutdown exceeding 24
hours occurs dunng a penod of high humidity, paruicular-
hv if atmospheric conditions are such as to cause conden-
sation within the housing. then precautions shouid be
taken. Small strip heaters mayv be piacec in the bottom of
the unit shorty after shutdown to maintain the tempera-
ture of the umt 2 few degrees above that of the cutside
air. 17 such precaution has not been taken then the unit
should be inspected for evidence of moisture, and inscla-
tron resistance should be checked. If there 1s evidence of
moisture or if the insuiation resistance 1s low . the trans-
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former should be dned out by one of the methods de-
scribed

C. Top Changing

Atier mstallanion, the output voltage o! the transtormer
should be checked at some sei1c access pont on the load
Never attempi (o chicen the vulput voltuge 9t the trans.
former smce dangerous Ingh voltaze may be present with-
n tne transformer enciosure.

When the vutput o1 Juad side voliage requires adiustment
cither up or down. the pereentage tap umpers tound on
the front surface ofthe cuils mustbe changed i ol phases.
{See phote on front cover of tins buficun for tap appear-
ance ) Consult the transfonuer disgramatic nameplate {u:
mionmation on what tap must be used to correct for ingh
ur Jow ancoming hine voltage or fur voliage drop n the
vutput or load voliage due 10 long winng runrs. Note that
when the joad voltage 15 low tap connections below 1007
of hne voliuge must be used to raise the load voltage. If
the ivac voliage 1s high. tap connections above 10G% of
e voliage must be used to lower the losd voliape.

After the correct tap connection has been deternuned
from ths namepiate, this procedure siould be foliowed 1o

chiange taps:

I. De-energize transformer. Make sure there is no back
feed from @ fow voliuge hie breancer.

2. Remove frontaceess pancis lromtransfonmer enclosuic

LLASS DRY TYPE TRANSFORMERS INSTRUZTION

MANDAL 74211

O

3. Change tap jumper on cach phase 1o the correct tap
connecuon. Tap tumper must be on tiic same tap posi-
ton on all phascs.

I N

. Tap wmper st be anstalicd on upper side of coil tap
with tugs or ends of cabie tap wmpers positnoned for
mavtmum clectnical clearance from ground and other
hive parts. Be sure bolts are ughiened.

N

Replace front access panels.

¢ Leergize transformer and recheck the output voltage.

APPENDIX

REFLRENCES:

—

. Amencan S:andard for Transformers, Regulators and
Reactors. C37.120}. C37.12.50, C37.023) and
C37.1291.

P

2o Dnvtype Transformers for Gene:al  Applications, -
NEMA Pub No. ST20-1972.

3 Commercial. Insttutional and Industniai Dn-type
Transformers, NEMA Pub. No. TR27-19¢5,

4. Navona! Electnical Code . NFPANO. 70, ANSIC1-197),

3. National Fizoinea! Sateny Code, ANSICZ1973.

BOLT TIGHTNESS FOR BUS CONNECTIONS
FOR HARDWARE SHIPPED WITH TRANSFORMER

Bo:t Materia! i

Torque 1n Foot Pound;
for Bolt Diameter

2520 | 3198 | 3816 | 5013

Grade 1 & 2 i
Hea: Treated Steel ' 4.6

| ! !
P g12 | 15201 2530

SQUARE D COMPANY
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MODEL 85A

FAN CONTROL SYSTEM

Keeps Transformers
Rurning Cooler.

A 5$33/%%
Keserve Capacity.




The Square 1) Model 85A “LIFE-GARD -~ Fan Control System is
staleol-the-art instrumentation that protects the transformer and adds up to
331,/3% reserve capacity.

This svstem provides precision control through the use of three high
accuracy thermistor type temperature sensors, one installed in an air duct
of each phase coil of a transformer.

Internal coil temperatures are transmitted by these sensors to a
microprocessor which is programmed to provide a digital displav of
temperature in degrees Celsius and the corresponding coil number.
Digita! Display

The digital LED displav range is from 24°C to 255°C in 1°C increments.
Characters are (.56" high and clearly legible under all lighting conditions.

M The Model 85A provides a choice of either:
A Conunuous scanning of the three sensors with a three
second display period for each coil temperature and
. corresponding coil number.
B. Digital displav of the temperature and number of the
hottest coil only.
For each display mode, two additional options are available:
- g dned : 1. Continuous temperature display.
inSpection of COMrOl LNt WIhout < 242 2. Display only when the “Read/Reset” or the “Read
exposure to_high voltages: : Memory Max™ switch panels are pressed.
: For all displav modes. the highest temperature reached by anv coil in any
previous interval will be displaved for three seconds when the “Read
Memory Max™ switch panel is pressed. This temperature will be cancelled
and replaced by the immediate maximum temperature when both “Read/
Reset” and “Read Memory Max™ switch panels are pressed simultaneously.
o Thereaster. any succeeding higher temperature will be retained in memory
= { N e~ T for later recall.
S Controf Mode Light Panels
Three LED panels are provided to indicate control mode conditions. When
the green panel is ighted. it indicates that the control module is energized.
Similarly. the lighted vellow panel indicates that the fan circuit is energized.
A lighted red panel indicates that one or more coils are above normal

Easily ciroult board < E: ' temperature and the alarm horn will sound.
connection on rear of control = gm0 If a temperature of 220°C** is detected by one of the sensors. the control
' . E will initiate the emergency shutdown mode. Permanent insulation damage
s Lo e will occur above this maximum insulation svstem temperature. At this

S e . point. the Red LED panel flashes and three dashes
B R_eference: Az\§l_;5!tair_nd§rg' C57.12£5_1

o lerence: A Lov. 1. o replace the temperature numbers.

Rated Average __ SwixchSetPoims ~~  Ememency Actual shutdown or other function can be
Temperature Fans Fans Alarm Alarm  Emergency  Cast Resin accomplished by means of an optional. accessory
‘, Rise® On Off On off Shutdown Transformers relay.
; 80°C NOC 1000 133°C 1l 220°¢ 185°C Fan Mode Control and Indicators
i [t e 23 C S SR non O 5 . 3 3 M 3
L s R e e ot e 165°C Selection of two modes of fan operation is provided
‘ ' . =" by the “Fan Mode" switch panel. When this

“Ba~ed or NEMA and ANS! Sandards of 30°C average and 40°C maximum ambent for any switch panel 1s depressed. the tan mode may be

24 nour penod below 330 1 altiuge f; 1

V .

NGTE  The digrtal tempergtuse diz~gwe 1 giwers the TOTAL temperature 0 AMBIERT - changed from n]anual 10 auto or vice vers_a In the
. HOT SPOT temperatures not the A\ EKAGE tempergture nse  Exampir A transtormer s auto mode, the fans are turmed on and off

rated 150°C guevage temperature mse wnen carmang raiec al! loac e ¢ 20 C ambren? 1 . e [LOPN S

tempevature  The tnermistor sensors are instalice n‘;a' the tneorctica’ hot spot ot tne conds 1 aulom_aucal]_\ at specihec DTOg.'&nh.ntd temiperature
. VEMaane A\'fil standards prrmit g 30°C manrmem dificrennia. betweer grerage cnd hot spo’ | sel ponts. In the manual mode. the fans operate

temprratures  Theretore the digita. Gupiay would mmd:cate approsimateh 2« 30°C « 1530 C 2 <l .5 {
T e 0 'C total  Note tnat the aigrm wowld opevate a! this point providing ample warming that CODDD.UOUb]_\ : IOI&H_\ mdependem OI' a‘” Igmperamre

{Re TranSIOTMET 1S GPPTOACAING the marimum [emPeraINre (tmi! 0 INC INSMIQLION SYStem set points. The selected fan mode is indicated b_\

one of the LEDs in the "Fan Mode" switch panel.

High Temperature Alarm

If the operating temperature of the transformer coils increases to the
programmed “alarm” set point. the red LED indicator and the alarm hom
are activated, thus wamning that the maximum designed temperature rise

*1&5°C for Cast Resin Transtormers
€ 14¥U Nquare [} Compam
LIFE-GARD" 1~ a Regpsiered Trademark of Square [ Compan

C-16




il s :
* .

TYP'CAL has occurred (80°C, 115°C or 150°C). This temperature is within the
maximum temperature rating of the insulation system. and the transformer
'NSTALLAT'ONS may continue to operate. The alarm hom may be silenced by bricfly
depressing the “Alarm Silence™ switch panel. ‘The red LED panel,
- however, will remain lighted until the transformer temperature decreases
to the programmed “Alarm Off” set point. “The LED panel is then de-
n P 7 energized and the silencer relay is automatically reset.
gre e -.'_. ":;S_E;a Control Sequence
! . ‘ L. The Model 85A Fan Control System provides switching at three levels of
Lo L transformer temperature. ‘This switching is presset prior to shipment based
A . ' on the maximum rating of the insulation system and the designed
temperature rise of the transformer 150°C, 115°C or 80°C risc.

At the first swilching level, cooling fans are automatically switched on and
off at the temperature set points to maintain the winding temperature well
within the design limits.

Al the second level, the alarm set point tlemperature is reached and the.
alarm circuit is energized, operating a visual and audible alarm. This
indicates that the transformer has reached a temperature that is not more

- than 5°C higher than the designed average winding temperature vise based
on a 40°C maximum ambient.

If kept within the maximum temperature rating of the insulation system
(220°C**), the transformer may contintie to operate.

A third level operates when the maximunm temperature rating (220°C**) o
the insulition svstem is reached. This energizes the Emergency Shutdown
(I5.S) circuit. This circuit can be used for a remote alarm or to
automatically drop transformer load and prevent damagre to the
transformer insulation.

The Madel 85A FFan Control System provides two sets of auxiliary Form
“C” relay contactss one set switched by the fan control circuit and one
swilched by the alarmn control circuit. Terminals for these contacts are
located on the rear panct of the control.

The output for the emergency shutdown function is 6V D.C. at 300 MA
maximuun to power an optional external relay. Terminals for this output
are also located on the rear panel of the control.

System Test

The Model 85A Fan Control System also incorporates a programmed
system test function which is mitiated when the “System Test” swatch panel
is depressed.  Each of the varous indicators and cach segment of the
numerical displavs are tested in sequence. The upper left segments of the
coil and temperature displays are not active and are not lighted dunng the
test sequence.

During the test sequence, the fans operate briefly. The alamm homn is also
tested at the end of the sequence and the Emergency Shutdown is not
activated.

Remote Indication and Control

In addition to providing control and readout functions when installed in a
transformer, the Model 85A Fan Control System has the capability of
providing complete readoul and control at a remote location. One control
maodule with temperature sensors is mounted in the transfornmer enclosure
and is designated as the “Master™. A second identical control without
temperature probes is designated as the “Slave™ for installation remote
from the transformer. By means of an IEEE RSA22 two-wire
communication link, the temperature may he monitored and all functions
controlled at a remote location.

Similarly, an installation with multiple transformers may he monitored and
controlled from a single supervisory station or by a computer.

HRYC for Cast Resm Transfonness
Powrr Cast s a Registerss) Erademark of Sepuare 1) Company
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Fail-Safe Features

The Model 85A Fan Control System is capable of determining a shorted
sensor condition. It will also detect a possible open sensor. When two
probes read a temperature above 26 C and one reads a temperature of
25°C or less. the latter will be determined open. When either a shorted or
open sensor is identifierd. the temperature display will indicate three dashes
(instead of numerals) with the corresponding coil number.,

tor systems having a Slave Model 85A Fan Control System for remote
control and monitoring. failure of the Master control at the transformer will
cause all coil and temperature readouts of the remeote control to be dashes
and the alarm LED panel will flash every 20 seconds as the remote control
attemplts to reset to normal communication with the Master control.
Typical Specifications

Provide a Square 1) LIFT.-GARID)' Model 85A, solid state, Fan Control
System with factory presset, three level switching to maintain the winding
temperature within the design limits during fancooled operation. For
three phase transformers, the system shall consist of three Meh-accuracy
thennistor sensors indalled directly in the low voltage air ducts of each
transformer coil to cont’;uously monitor the internal coil temperature. The
sequence of operation - shall be as follows: [If the temperature rises (o the
normal. self<ooled (A rating, a relay is activated to start the fans.

Should the temperature continue 10 Ase 1o the next presset point, a second
relay operates to closs the circuit for an andible alarm and a red waming
light. If the temperatur- rises 1o the maximum rated temperature of the
insulation system, a thired circuit is activated. It may be used for an
cmergency shutdown. or remote trouble indication.

The control module <hall be a “draw-out™ desigm permilting inspection of
the control unit withow exposure to high voltages.

The system control mesiule shall have a membrane front pane! with
switches to provide sv<em tests, fan mode selection and alarm silencing
FFunction indicators <ha.’ be LED bars: Green for “Power On”, Amber for
“Fans On” and Red for “High Temperature”™.

The “System Test™ switch shall initiate a test sequence which will allow
verification that all control functions and numeric read-out segments are
operational.

‘The “Fan Mode™ switcir. with built-in LED mode indicators, shall provide
selection of manual or antematic fan control modes,

The “Alanm Silence”™ swirch shall silence the sonic alarm. but alow the Red
LED bar to remain “O:.” until the temperature decreases to pormal.

The system control merdule shall provide a digital read-out of transformer
coil temperature and numeric coil identification.

The system control meadule shall have a memory made for retention of the
maximum attained temrerature during any prior interval with recall to
occur when the “Reas Memory Max™ switch is pressed.

Minimum numeral heigit shall be 0.5 inch.

The system control mesinte shall be capable of functioning ai the
transformer (Master Control) or at a remote location (Slwe Coniroh), using
an RS422 communicaivin hink 1o provide full control and read-onut at hoth
locations.

The system control mesiule shall provide Fail-Safe indication of both
shorted and open senvrs.

Multiple cooling fans are 10 be installed at the bottomn of each coil, front
and rear, with a minimum of six for three phase and fow {or single phase
transformers.

NOTE  For roltages mvr ¥ verv 7 oparate 120 vdt N comerr may he wtilbeed I mome 1 araslaMe a fesed,
high roltnge trangormey may he gv-sied but this wosnld reavire aw additionas compartment
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Wiring diagrams Model 854 Master Control o ;,ﬂg%oE ’_ L

o
o POWER FANS [ 1)
Mo‘lel 85A on on TEme | E SI -
N ~ Cesw ) [n) [Can)
Fan Control System
ot | [Pwwoor| | suewce | | atser | | wibone
{oMaan MAX SALES OFFICES IN THE
UNITED STATES
REMOTE TEMP CORIROL 1EAN 1
ALMOTE IEMP CONTAOL TERM 2 ALABAMA
EMERGENCT Bermungham . 1%) 870 5591
SHUT DOWN _LOGIC CROUND ’h Dottan . {205y 793 2177
AtiAY AT AR AVE ALARM JE i Huntsvile {205) 539 2465
10PTIUNAL) COMIACTS CONTACTS Sy Mobs (205 342 7747
80 Monigomery (205) 271 0230
g s B9 ALaska
z . e Anchorage (907) 278 6048
s 3 5 2 z ARIZONA
-1 a o Phoerix (602) 231 8694
9 i 0 5 Ryl tucsen {602) 795 3600
- 378
D ] kL]  ARKANSAS
— i dy i Sman (501) 452 7312
KRS Latie Rock {501) 225-3648
%3 [T 7Y ?
Ve . TVt P il  CALFORNIA
[ [N E.ahmsi\eh (805) 833 1985
pmnp— - N resng - {209) 204 6268
Ry Brtod  Haywau (San Franusco) 1415, 887 1181
= “ 3 334. ‘ Loty Beach 1213) 428-75%)
e P XM Norih Hollywood )
i HORN s . 1L0s Angeles) (818) 508 0592
Qrarge . {714) 532 4861
48/ 200v Rversoe (714) €87 1262
KR Sacramento . . (916} 381 5056
San Dega (619) 569 8953
. Stockion {209) 944 5633
Master Contol at Transfonmer Ventura (805) 658 2566
COLORADO
m::(n rsl:s :(0:: q q Colutado Sprngs 1719) 531 5274
Cean ] O] L Englew00d (Lienver) (303} 794 9003
R CONNECTICUT
IO awic ALARM AEAD READ
":ﬁ‘n" uu‘-oo( SILENCE RESET MEMORY Wethersheld (Hardord) 1203 529 7472
M s DISTRICT OF COLUMBIA
Rochvile (Wash D () {301) 423 9510
301) 424 1432
A {301) 42 !
FLORIDA
Anamonie Spnngs (Orando) (407, 774 5151
AUR FAN  AUK ALARM H FU Mywts 1813) 936 5573
CONTACTS CONTACTS 5 Jacksonville {904) 744 7861
Palin Beach Gargens
3 o
s o e tney 8 (West Paim Beach, 1407) 626 8788
L] o i } b v DC Joo A z Pernbroke Paines (Miami) {305) 435 4900
H 5 MAX COR CURRENT z Sarasota (813) 9570950
c. 2 3 g = Tadahassee (904} 878 7895
g a L '—T g Tanya (8131 289.0227
E O _ = z
[‘J 5 . z GEORGIA
4 3 Lolumbus (Muscogee) (3041 561 7825
L — § Maon (912} 745 Z3u?2
4 Savannah (312) 356 9546
] Satyina (Alana) (304) 333 3660
H HAWAW
o Honowiu (808) 422 0%, 7
THERMISTOR -
- PHOBES - IDAHO
z Borse (208) 376 0552
Nonn Fans E
8 200y
UM —_
Remote Control
PUNLA FANS HICH
__'ﬂ on TEmp
[T i ] [ nwo
SYSTIM 1C A0 ALARM READ READ
st ¥ A MODE SILENCE nEstl MEMOAT
@ MATUAL Max
F 3 Yjedr 3
]
aidin: .
= 13080 ¢ HEIL]
0O 42 NOTES
- 1 Auxiliary lan and alarm contacls are raled
1o - 24 volts 3 amp maaimum.
Il HoRN 2. Control fuse located on main Circuit board.
o Schurter Cal No 034 1519

10y w-! 2A 250V Glass Tube Type
$0uACH Remave top cover tor access
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SALES OFFICES IN THE
UNITED STATES

megham 205) 870 5591
Bt . {209)
Dothan (205) 793 2177
Huntsviie (205) 539 2465
Mobee (205) 342.7747
Morugormery {205) 271 0230
ALASKA
Anchorage {907) 278 6048
ARIZONA
Phoenx (602) 231-8694
Tugsn . (602) 795 3600
ARKANSAS
Ft Smah . .{501) 452 7012
Littie Hock (501) 225 3648
CALFORNA
Bahkersteid (805} B33-1985
Fresio (209) 268 6268
Haywavd (San Franasco) (415) 887 1183
Lony Beacn . (213) 428 7553
Norih Hollywood

105 Angeles) (818) 508 0592

Oranipe {714) 532 4861
Rversida {714) €87 1262
Sacr amento {916) 181 5056
San Dwgo (619) 569 8953
Stockin (209) 944 9633
Venhxa (805) 658 2506
COLORADO

Cowrado Spnngs
Engrewood {Lenver)

CONNECTICUT
Wethetsheld (Harllord)

OISTRICT OF COLUMBIA

Rochvile (Wash DC

FLORIDA

Anamnonie Spengs (Orando)

F1 Myets

Jacksonvile

Pain Beach Gargens
(West Pakm Bewh) .

Pembrohe Pines (M)

Sarasola

Savannat
Smiytria (AN}

HAWAY
HONown

IDAHO
Borsw

(7195 531 5274
(3041 799 90C 3

{203) 529 7472

{301) 424 9510
{301) 424 1432

{407) 774 5151
(8131936 5573
{904) 744-78u1

(407) 626 8788
(305) 435 4400
813) 9570950
{904) 878 7895
{814 289 0227

(404) 561 7825
{912) 745 2382
(912) 356 9546
(404) 333 3660

(808) 422 0567

{208) 376 0552

For more information, contact your local
Square D Sales Office.

RLLINOIS

Champagn

tombwa (Chicago)
Peuia

Hochiord

Sengheid (Sangamon)

Evansviies
Fort Wayne
Highiand (Hanwnona)

KENTUCKY

Laawgion

Lousviles

Paccah

LOWISIANA

Baion Rouge

Haiahan (New Orieans)
Latayehe

Sty evepon

MAINE
Portiand

MARYLAND
Hago stown

Sahsbury
Towson (Butmore)

MASSACHUSETYTS
Braviee (Buston;

MICHIGAN
Grand Blanc (Fhnt)
Grandt Rapuds
Kalamnazoo
Lansing

W
Teaversa City
Troy {Detroit)

MINNESOTA

Dunth

Plymouth (MNHeapuls)
Rochusiy

H

MISSISSIPP
Jachs0n
Tupe

i
Jeferson Ly

Sprwigins

St Lows

(217) 356 O¢ 1t
(312) 916 9550
{3U9) 673 0508
1815) 965 2060
(217) 536 1477

(812) 424 9993
(219) 483 3144
(219) 9729600
{312) 721 6031
. {317) 255 0664
{219) 259 8521

(319) 366-0736
{319) 324 0876
(515) 224-9918

1913) 631-1000
1316) 264 8338

(606) 278 0308
1502) 425 8363
(502) 654 5515

5041 926 7279
(5043 733 0964
{318) 9881560
(318) 865 4267

1207) 774-1409

(301) 7395760
1307) 749 2534
{301) 337 8448

(617) 848 1110

{313) 694 5101
{616) 459 3529
6161 M2 2117
15171 337 2435
{5171 792-1553
{610) 9463773
(313) 640 4444

1218) 7231010
{6121 476 6909
(507) 285 1700

1601) 982 1041
(601) 842 33ua

1314) 89 ddn
1417887 2807
(314) 849 6330

Bags .
NEBRASKA
Onuaha

NEVADA

Las Vogas .
NEW HAMPSHIRE
Marchester

NEW JERSEY
Beliiawr (S0 Jersey)

" Png Brook (N0 Jufsey)

NEW MEXICO
AlbuQus que

NEW YORK

Buttaio .

Muwola (New Yméty) . .
. (518) 4491322

Renssolaer (Albany) .
Rouhester

Syratuse

Whae Plains . .

NORTH CAROLINA

Ashevile

Chartotie

Greghsboro

Greenvile

Rawsgh

Waghisville Be:
{Wiknsngion)

NORTH DAKOTA
Farge

OHIO

Anroi

Cincirnat

Coluntus

Dayton

Mapie His {Cleveland)
Tokxjo

Youngstown .

OKLAHOMA
Onianoma City
Tulsa

OREGON

Eugene

Pormund
PENNSYLVANIA
Altounas

Buthiehon (Alleniown)
Camp Ha {(Harmsburg)
Ene

Kmgyton (Wikes Barre)
Medhid (Fheacduiplig
Piltsburgh

Yo

RHODE ISL AND
Cranston (Provcsencs)

(406) 248-1203
(402) 330 3753
(702) 878 3370

(603) 668 1204

.. (609) 933-1800

(201) 575-7000

(505) 828-1018

(607) 723 7337
(716) 836 5800
{718) 8952150

(716) 424 4171
{315) 455 5324

.{914) 428 7790

(704} 255 1325
(704) 376 1387
(9194 292 8935
(919) 756-2117
{919) 782 1338

. (919) 256 9956

(701) 235 7223

(216) B36 5593
(513) 793.6811
{614) 486 4329
(513)433 7771

. {216} 581-3400

(419) 535 1293
(216) /822295

(405) 9427334
{918) 622 2800

(503) 343 2591
(503) 684 1090

(814) 942 1966
1215) 694 9000
(717) 761 4650
W14) 833 8424
{7171 825 4569
215) 565 8750
412) 343 7500
{717) 757 4421

{401) 943-3380

SOUTH CAROLINA
Chartesion

Cotumina
Groenvilie

SOUTH DAKOTA
Seoux Falts

TENNESSEE
Brentwood (Nashvile}
Chatanooga

LT )

Roanche: .
WASHINGTON
Mercer tsland (Sealbe)
Sponane:

TJacoma

WEST VIRGINWA
Barbowsvilie {HuNLNGLON
WISCONSIN

Geoen Bay

Macsson

Mewguree

Raone

WYOMING
Casper

(803) 5560773
(803 772 3553
(803) 268 6384

(605) 334-2151

1615 371-8069
1615) 877-1381
1615) 239 7938
615) 523-7477
{901) 682 8866

(915) 672 5022
(806) 372-1938
(912) 3467120
(409) 866 7726
(512) 883 5566
(214) 637- 149
{915) 552 8813
(BL7) 831 4579
(5125 423 1653
(713) 493 1300
(4091 205 3733
(713) 480 1039
(214) 753 5775
800) 762 9736
(915) 634 8430
1512) 349 0157
(2141868 2720
8171776 3432
(B37) 322 5585

1801) 306 5447

1804) 673 7069
1804 461 1290
1804 285 7508
(703) 334.7707

{206) 232 9702
1509; 535 3085
20g) 565 773C

{3041 736 8944
(41a; 494 3313
10081 2312244

14143 359 0959
(414) 558 9121

1307 2341017

For start-up and testing, engineering and training services, maintenance
agreements or time and material repair, contact:
TECHNICAL SERVICES DIVISION 1-800-634-2003.
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Transformers Ventilated Dry

“THE INFORMATION HEREIN 1S BELIEVED TO BE
ACCURATE AND REL!ABLE. HOWEVER, NATIONAL
INDUSTRI ASSUMES NO RESPONSIBILITY FOR ITS
USE OR MISUSE AND CAUTIONS THE READER TO
EXERCISE CAUTION IN THE INSTALLATION AND
MAINTENANCE OF THE PRODUCTS DESCRIBED
HEREIN."

General

This manual addresses general consideratians for the
operation ang maintenance o! dry-type distribution
ang power transtormers

The successtul operation of these transformers is
dependent on proper installation, loading and mainte-
nance. as well as proper design and manutacture Dry
type ‘ransformers requtre lLittle maintenance as
compareg to other types of transtormers, but appropn-
ate attention will ensure their expected service life
Conditions of operation will getermine the extent of
maintenance required A periodic inspection program
should be established to monitor the effects of the
Operating conditions on the transtormers.

In addition to this guide, the manufacturer shoutd be
consultec for recommeagations on spec:al conditions.

Portions of the foliowing information are re-printed
from ANS! Appendix C57.94 Guide tor Instaliation and
Maintenance of Dry-Type Transtormers.

Warning: Letha! Voltages will be present inside all
transformer enciosures and at all connection points.
Installation and maintenance should be pertormed
only bv personnel qualified and experienced in high
voltage equipment. De-energize the transformer before
performing any maintenance or service work.

Receiving

Inspection

Wnen received. new transformers shoulc be inspected
tor tdamage gurnng shipment

Examinatior shoulc be maage before removing them
from cars or trucks. anc. 1t any injury 1s evigent or any
indication of rcugn hanghing 1S visible. a claim should
be hiec witn the carrier at once and the manufacturer
notifec Subseguently. covers or panels should be
removec anc an internal inspect:ton made for gamage
cr displacement of parts. loose or broken connections.
d:rt or foreign material. and for the presence of water
or moisture If the transformer 1s moved or if it 1s
stored betore instaliation. this inspection should te
repeatec betore placing the transtormer in service.

Handling

Nationa! Industri transformers are designed with
provisions for litting, jacking or roliing. These
provisions wili vary 1n detail, depend:ng upon the
weight, size and mechanical configuration of the uni

Enclosed transformers with hiting iugs on the
enclosure may be litted with appropriate siings or
chains Larger units wili have provisions tor lifting
trom the base frame or from the top core clamps.
Units Iiftea from the top core clamps will usually
require that the top cover or part of the cover be
removed.

Caution: Dry type transformers should be maintained
tn an upright position when peing moved. No attempt
tc handle a transformer in any other position shouid
be made without first contacting the manufacturer,

Because of their high center of grawity, dry type
transformers are subject to tipping over during
handling. Reasonable care during handling wil!
prevent equipment damage and/or personnel injury.

When provisions are supphed for lifting larger units
from the base frame, htting slings, chains. or cables
shoulc be used with spreaders to avoid gamage to the
enctosure. The core and coil must also be bolted to
the base frame and anti-sway bracing provided.

Core and coil units shouid be hitted using only the
ifting devices provided on the core clamps. Care
shoulc be taken to prevent damage 10 bus work.
wiring anc termination assembhies during lifting. When
litting. increase tension gradually. do not jerk, jar, or
otherwise move the transiormer abruptly.

If the transformer cannot be liftec by a crane. it can be
skiggec or moved on rollers Care should be taken not
tc damage the base or tip it over When rollers are
uses. skids shoulo be used 1o gistribute the stress over
the base

Large enclosed units with base frame type enclo-
sures. may be jacked using the base frame angles. The
transtormers shoulc be jacked evenly on all four
corners to prevent warping or tipping over.

Care must aiways be taken to prevent any foreign
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Transformers Ventilated Dry

Installation
Handling (Continued)

maternial from talling into or onto the coils. Hardware,
connecting parts, tools. or any foreign materiat should
not be aliowed on top of the core and coil assembly.
Foreign maternial iodgec in a coil duct can cause
electrical tarlure or overheating.

NOTE: All ifuing devices and shipping braces painted red
must be removed before energizing the transtormer.

Instaliation

Location

Major factors to be considerec when locating dry type
transformers are. personne! safety, accessibihty,
ventiation, atmospheric cona:ions, and sound level.

When planning the instaliation, a tocation shouid be
seiected that will comply with all satety codes and will
no! interfere with the normal movement of personnel,
equipment, and material. The location should not
expose the transformers to possible damage trom
cranes. trucks, or moving equipment. It should be
remembered that a dent in the enclosure may reduce
the insuilation clearances to an unsafe level.

As an added safety precaution, thought should be
given 1o the possibility of personnel inserting rods,
wire, etc. through the ventilation openings of the
enclosure and thus, coming 1nto contact with live
parts. Transtormer ventilation openings are designed
in accordance with NEMA standards which require
that a 4" diameter rod cannot be inserted through the
ventilation openings.

The installation will be simplified if an outhne crawing
1s requested. By studying the overall, m ting, and
terminal dimensions. it 1s possible to p he
installation with an orderiy arrangemens of
connections.

Core and coil units (without case) usually have
mounting and terminal dimensions to suit the cus-
tomer's enciosure. That enciosure shoulc 2ive pro-
tection to the coils and have ageguate clec'ances anc
sufticient ventilation openings. The manusacturer
should always be consuited to determine these re-
quirements.

Ventilated dry type transformers can be gesigned for
installation indoors or outdoors. They will coerate
successfully where the humidity is high, but under this
condition it may be necessary to take precautions to
keep them dry 1f they are shut down for extended
periods For locations where severe atmospheric
conditions prevail, Nationa!l Ingustri's Vacuum Cast
Coil transformers are recommenaged

Locations where there is dripping water should be
avoiged. It this 1s not possible, suitable protection

shoulg be provided to prevent water from entering the
transtormer case Precautions shouid be "“xen to
guard against accidental entrance of we such as
might be obtained from an open window, Dy a break in
a water or steam line, or from use of water near the
transformers.

Caution: Adequate ventilation must be provided for
Dry Type Air-Cooled Transformers.

Adequate ventilation is essential for the proper cool-
ing ct these transtormers. Clean dry air 1s desirable.
Filterec air may reduce maintenance if the location
presents a particular probiem. When transformers are
instalied 1n vaults or other restricted spaces. sufficient
ventiiation shouic¢ be proviged to hold the a .
temperature within established mits when - - asured
near the transformer inlets. This usually will ;equire
approximately 100 cubic feet of air per minute per
kilowatt of transtormer l0ss. The area of ventilation
openings required depends on the height of the vault,
the location of openings. and the maximum loads to
be carrniec oy the transtormers. £or self-cooled trans-
formers, the required eftective areas should be at ieast
one square foot each of inlet and outiet per 100 KVA
of rated transtormer capacity, atter deduction of the
area occupied by screen, gratings, or louvers.

Ventilated open wound dry type transtormers should
be installed in locations free from unusual dust or
chemical fumes. Transformers should be located at
least 12 inches away from walls and other obstructions
that might prevent free circulation of air through and
around each umit, unless the unit 1s designed for wall
mounting and installed per tactory recommendations.
The distance between adjacent transformers should be
not less than this value. Also, accessibility for
maintenance shouid be taken into account before
locating the transtormer. If the transtormer i1s to be
locatec near combustible materials. the minimum
separations established by the National Eiectrical
Code should be maintained.

The transformer case < designed to prevent the
entrance of most sme  :nimals and foreign obyects
Howeve- ~ some locauons, it may be necessary to
give cons. .eration to acditonal protection.

Sound Level

Soecial consideration shoulc be given to the installa-
tion ot any transtormer if noise 1s a factor in its loca-
tion anc operation. Many locations can result in an
amchfication of the sounc level. For example. if the
transformer 1s (nstaliec in a quiet haliway, a gefinite
hum will be noticec. If the unit 1s 1nstaliec 1n a tocation
1t shares with other equipment such as motors. pumps
or compressors. the transformer hum will probably Qo
unnoticed.
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Installation

Sound Level (Continuec)

The transformer s designec to prodguce a mimimum

sounc level when the foliowing girections are followec

A Connections to prmarcy anc secondary terminals
mage with fiexibie connectors

B Ali transi” bOlls ang snipping braces removed so unit
wil. float on rubber 1spolation pacs. these bolts and
parts are paintea rec for easy 1gentfication

C Al enclosure haraware tightenec so panels ¢o not
viprate

inspection

Once the transtormer has been locatec at is
permanent site_ a thorough final tnspection shoulc be
made before any necessary assembly 15 accomplisned
anc the unit 1s energized

Careful examination should be made to ensure tha! ail
external electrical connections have been made
properly anc that the correct ratic exists between iow
voltage anc high voitage windings To test thus. apply
a low voltage (240V or 480V) to the high voltage
winging anc measure the output ai the low voitage
winging

Ail control circunts. it any. shoulc¢ be checked for
operational adiity Furthermore. they should be able
tc withstand a 1200 volt appliec insulation test tor one
minute (if the transformer has zurrent transtormer
circurts. they should be shor1eg).

Tne operation of tans. motors thermal relays. and
other auxthary gevices should be checked Fan
retation should be visually vertied as well as by
checking any indicator hahts (Reterence Fan Control
Operation )

As prescribec by NEMA sianoarcs. trans-
formers are shippec w:th both higr and low
voliage wincings connected for their hignes:
ratec voliage 'excep’ trransformers which
have 'a2s above tne ratec voliace 1n wnich
case they wil! be shippec connectec for
rgrec voiiages: Tne internal connecticrs
snould te checkel with the didagram on the
rameplate I1C make Sure 1ra:l [ne con-
nectons are correc: The iap se::ng shoulc
a'sc be veritiec 1or tre proper voliege. anc
tnarthe sering s tns seme e ali Coi's

A’ wing.ngs shou'c be checked for continunty s
recommengec that @ megae’ tes: be periormed (o
make ceriaimn that no wincings are groundec which are
not intenged to be grounoec

See “Testing™ tor aoditional tests Shipping braces
snoulc be removed if present Al' cabie connections

shoulc be checkec for proper use of hardware i1 e
Believilie wasners on aiuminum terminals. proper
clearances anc proper torque)

Check again to insure that all iow voltage and high
voltage connections correspond to the connection
ciagram

Grounding

The case and core and coil assembly of these trans-
formers shouid be permanently and adequately
groungdec

Grounding 1s necessary to remove static charges tnat
accumulate It1s also neeged as a protection should the
transformer windings accigently come in contactwith tne
core or enciosure. Be sure that the flexibie grounaing
jumper between the core and coil assembly and case I1s
intact, or that the core and col assembply 1S girecCtly
groundec from the core clamp through a fiexible lead.
Insure that grounding or bonading meets N E.C anc (ocal
coaes.

To insure a sohd core ground, transformers have a
copper strap embedded 1n the core laminations anc
securely connected to the core clamp.

Connections

Maxe only those connections specifie¢ by the name-
piate or connection diagram, check all tap jumpers for
proper location and tightness. and re-tighten all
alumimum cable retaining screws atter the first 30 days
o! service

This transformer has been designed ang built 10
provide proper electrical connections using either
copper Or aluminum connecting cable A protective
platng or compouncd which prevents surface oxica-
tuon of the terminals was applied at the factory Thes
coaung shoulic not be removec trom tap or line term-
ina's It in the case o' protective compounds 1t
bezomes necessary to re-apply 1. clean all contact
surtaces o oxi0e anc re-coat with a gooc quahty com-
pound, following the manutacturer's instruciions
Manv kings are commercially available Some of them
are Fenetrox A. Ainox-UG. anc Thomas & Betts 1059
Wnen re-coating. wipe off any excessive compcund

Oepending upon KVA rating, this transformer may
nave flexibie leads with bolted type wire terminals.
Cu Al tug connectors or simply termination pads for
mounting of your own crimp type or lug type term-
nations The tables below show typical torque values
for instaliing bolted wire connectors and cabies 1n lug
type connectors. Check specific recommencatons o'
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Grounding
Connections (Continued)

connector or lug manutacturer.

Boited Wire Connectors | Lug Type Connectors

Torque Wire Size
Bolt Size { Inch Pounds | (Average)

Torque
inch Pounds

.- 20 70 814 10 88 70

S 16-18 120 =€ tc &4 100
W - 16 225 #3 10 #1 120
e =13 480 101020 150

3 010 200 MCM 210
250 10 400 MCM 260
500 to 75C MCM 300

Note: Tighten. wart several seconds. then re-tighten all
connecting lugs ang bolts.

Where cable terminations are supplied by the user. 1t
1s recommenged that commercially available. properly
sizec. UL hsted screw type or crimp type connectors
be usec These terminations should be attached to the
cables as specitied by the termination or cable manu-
facturer “erminations are readily available from
wholesale electncal distributors

Secure each terminal lug to its proper termination bus
bar. Torgue all bolts as shown in the bolted wire
connector chart above. Do not install washers between
the terminal lugs and the termination bus bar as this
will cause neating and arcing in that area, resutting »n
connector failure.

Testing

Tests may be made before placing a transformer in
service to determine that it 1s 1n satistactory operating
condition anc to obtain oata for future comparisons

A Insylation resistance

B Dielectric tests in the fielc 1n accorgance with ANSI
Cs7 1291

The insulation resistance test aids in determining the
suitabihity of the transformer for apphication ot the
nigh-potentia! test and yields useful data for future
comparative purposes. Insulation resistance tests
shouid be made betore applying the high-pctential
test. variable factors attecting the construction and
use of dry-type transformers make 1t dithcult to set
iimits for thus test Experience indicates that 2
megohms (one minute reading at approximately 25¢C)
per 1,000 volits ot nameplate voltage rating. but in no

case less than 2 megohms total may be a sautstactory
value of insulation resistanze for the application of the
high-potential test

in agdiion to the insulation resistance and high-
potential dielectric tests, the following tests may be
made 1t gesired i

A. Ratio tests for the full windings and all tap positions
B Resistance measurements of windings
C Polanty or phase relation

It 15 pretferable that these tes!s. if planned pe mage
petore applying the dielectric tests

Operation

Placing in Service

Ater foliowing the preceding 'nsirections. the trans-
tormer may be energizec It s recommended that the
unit first be energized at no load if possible, then full
load may be applied.

pPr-allel Operation

Wnen operating transformers in paraliel. their rated
voliages, impedances. and turr ratios 1ctealty should
be the same Their phasor reiationships must be i1den-
tcal. If these parameters are different, circulating
current will exist 1n the circuit 100p hetween these
units. The difference in impeZance shoulc 1n no case
exceed 10%. The greater the difterences in these
parameters the larger the magnituge o! the circulating
current. Wnen specitying a transformer to be operated
in paraliel with existing units, a!l of these parameters
should be notec.

Loading

The maximum continuous load a transformer may
supply 1s indicatec on the nameplate. However. many
specially designed units have specific loac capabiiities
designed into them If there 1s any question
concerning the toad capability of the unit. the factory
should be consulted Reter to ANS! Stangarc CS7 96
Gude for Loading Dry-Type Distribution and Power
Transformers for general guigelines

Minimum etectrical clearances ir the installation of
fugs anc cables must be per N E C Al eiectrica!l
clearances that are questionable must be insulated

Overload protection for primary and secondary circuits
1s coverec by the National Eiectrical Code.
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Operation
Shipping Supports

Atter the transtormer has been placed 1n iIts permanent
iocation the holc-gown bolts securing the core and
col assemply 10 the base or case mus! be removed
Removing these bolts reieases the sounc I1sol: on
paas tor maximum eltectiveness AlsO remove any
shipping praces anc hifling aevices the core and
coil or the enclosure For easy iger. ication. all of
these removabie parts will be paintec a different color
from the remarning assembly parts {usually red)

Should it ever be necessary to move the transformer.
replace the hola-gowr bolts for the moving operation

Maintenance

Warning: De-energize transiormer before any inspectlion
or maintenance!

Periodic Inspection

Like other eiectrical equipment. all transformers
require maintenance trom tme to time to assure
successtul operation inspection should be made at
regular intervals and corrective measures taken when
necessary to assure the most! satistactory services
trom this equipment

Operating conditions determine the frequency &t
which these trarsformers shoutd be inspected. For
ciean dry locations. an annua’ inspection may be
sutficient However, {or other tocations. such as may
be encounterec where the air 1s contaminatec with
cust or chemical tumes. more frequent inspections
may be requirec Usually atter the first few inspection
periods. a cefinite scheduie can be esiablishec.

With the transtormer ge-energizec. enclosure panels
sroulc pe removed Inspection should be mage for
crirt especially accumulations on insulating surtaces
where such accumultations coulc restrict air flow
Inspectior shoulc alsc be made tor loose connections
for the condition of termina! boards. and tor the
general conait.on of the transformer

Ocrservations shoulc be mage tor signs 0f overheating
anZ o' vcitage creepage over irsuiating surtaces as
evizdencec oy tracking 0- cattonizauon

Evicence o! rusting corrosion anc oeterioration of the
paint shou!C be lookec for anc corrective measures
SNOuIC De taken wnere necess:cty Furthermore. fars.
motors ang giner auxiary cevices should be
iIrspectec anc serviltl cunng inspectior periogs

Jackscrew Assembly Adjustments

Check tor Ioose 1ackscrew assembiies by attempting tc
move the cor' biocw rom side to sige It they move.
tigrten the jackscrew assempbly following the outhned
procegure (Cautor should be observed when

randhing nuts. bolts. and washers 1o prevent crcpping
them 1nto the ¢otls )

A Tighten iower jacking nut while noiding jacking bett
Jantil colt biock can no longer be movec by hana

B Tighten lower jacking nut an additional = turn
C Apply atr ary varmsh to nut and bolt assembly
D Repeat as requirec on other jackscrew assemblies

Determining Dryness

Tne measurement of insulation resistance s of value
in determining the status of drying Measurements
should be taken before starting the drying process and
at two-hgour intervals durning drying “he nital value, if
taken at ordinary temperatures, may be high even
though the insulation may no: be ary Because
insutation resistance varies inversely with temperature.
the transformer temperature should be kept
approximately const: “t during the drying period 1o
obtain comparative 1 _.zdings. As the transformer s
heated. the presence of moisture will be evigent by the
rapid drop in resistance measurement. Foliowing this
period. the insulatior resistance will generally increase
gradually unti near the end of the dryinc dertod when
1t will increase more rapidly. Sometimes it will nise and
fali through a short range before steadying. because
motsture 1n the mterior of the iInsulation 1s working out
through the imitially-gnied portions A curve, with time
as apscissa and resistance as ordinate, shoula be
plottec. ancd the run shou!d be continued unti!
resistance -veis off and remains relatively constant
between t- :e and four hours.

Caution: Insulation resistance measurements should
be taken from each winding to ground. with all
windings grounced except the one being tested

Before taking insulation res:stance measurements. the
winding should be short-circuited and groundec for at
least one minute 1o drain off any static charge

All readings shoulad be for the same time of application
of the test voltage, preferably one minute.

Methods ot Drying
Generat

As long as the transformer remains energizec
riumidity conditions are of no importance However
a ary-type transformer is de-energized anc allowec 'o
cool to ambient temperature.consideration must! be
civen to the possible etfects of humidity

I* the shutdown penod occurs cduring iow hum:city
congitions. no special precautions shou!ld t  ~quirec
be‘ore energizing the unit But. experience cates
that ! a shutdown exceeding 24 hours occe . cu'ng
a2 penod of high humiZity, particulariv if atmospneric
conditions are such that they cause conoersation o
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Maintenance

Methods of Drying ‘Continuez)

appear within the housing of tne transformer. tnen
orecadtions must be taken Small strip heaters ma, be
olacec 1in the bottom ot the um! shcertly after shut-
Zowr 10 maintarn the temperature O the transtormer 2
tew gegrees above that of the oulside air If such a
arecagtion 1s nNot tanen the transtormer shoulc be
inspected for evigence of morsture. and the insulation
resistance shoula be checwkec !t moisture 1s presen! of
:t the insulation res:stance 1s 1ow. the transtormer
shoulc De driec out by one o' the methoas oescribec

Drying of Core and Coil Assembly

Wher ttis nacessary 12 ¢ry ou! a transformer before
nstatiation or atter an extenZel shuicown under
re.atively high humiCity concit ens.one of the folicwing
Melnods may be usec

A External heat

8

C Exiernat anc interna! heat

Internal heat

Betore applying ary of thes~ methocs. free moisture
S"oulC be blowr 07 wipec o!' 0! the winaings o
72Quce the tme o' the crying per:oc

Drying by External Heat

Zxternz! hea! ma, e apoled 10 "Me tramsformer oy

cne ot the 1ollowing metross

~ By 7irectng heatec air intc tne botom arriniets of *he
ranstcrmer case

m

B'y' oiac:ng the core anc con assembly in a8 suitadblv
venluatec oven

I*1s 1mDortant that mest ©f the neated air passes
TrousT the winging Cucts anc not arounc the sices

Goog ventilation is essential 10 prevent condensation
trom taking place within tne transformer or insige the
zase A sutticient cuantity of a:r should be usec 1o
irsere aoproximale’y, 2gual el ang cutie!

remoeraiures

Wher using the firs” external mealing menoC hea:
~ay De OSlanes Dy 1Ne UuSe G resisante grils &
sDace neaters These may be '0la‘eC ins Je the case
Cr mav be DiaceC Du'SiCe anc 'he neal tlown 1nio the
cottom ¢! tne case Thne core 20C Cof assemblv shou'c
oe caretully protectec ager 27 racator trom the
reate’s

g recommengel that the 2 temrerature not exceecd

‘10 C
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Drying by Internal Heat

Tn's metnog 1S relatively siow anc should be used
oniy when the other two methods are unavalabie

Tne transformer should be locatec to allow free cir-
culation of air through the couls trom the pbotlom 1o the
top of the case One winaing shouic be short-cir-
cutec. anc sufficient voitage at normal frequency
shoulc De apphiec 1o the other winding 1o circula’e
approximately normai current

it 1s recommended that the winding temperature not
be allowed 10 exceec 100 C. as measured by resis-
tance. or by thermometers placed :n the ducts pe-
tween the windings The thermometers used shou!c be
the spint type. mercury thermometers give erroreous
reaQings due 10 the generation of heat in the merCury
resutting from ingucec eady currents The end
terminals of the wingings (anc not the 'aps) mus: h-
usec 11 order to circulate current through the enure
winging Proper precautions should be taken to
protect the operalor from dangerous voltage.

Drying by External and Internal Heat

This 1s 3 combination 0! the twe methogds previcus:,
cescribe and s by far ine gu:chest method Tne
rranstormer core anz Covl asseniBiv Snoull be keptir 1S
ownr Case wher suntable anc exi2-nai heat apehec as
Jescriped 0 the firs! Mmetnod) as cu tis circeatel
throu@r tNe w.NMngGs 1as gescritel ir tne seccne
methaC The current regui eC Wi De Zons.geratly
less thar when no eailrnal healting 1s used bu' shou C
oe sutlicient to proquce the cesireC temperatue Q' the
w naings tis recommenged (ha: ihe iemperature
atiainec Not exceed those statec 1n tne toreQoing
paragrapns

rran

rren

Removal trom Service

1“2 unit 1S 10 be off more tran 24 hours. Provisions
snoulC De mage to preven: the core ang coils from
taking on mossture Reter to "Storage

1 *me unit 1z be meoved 1t wili be necessarv 10 repiace
tme core anc coil holc-cown bolis anc anv sh:poing
craces tnal might protect (ne assembli, curing
movemen:

Cieaning

I* excessive accumulations of cirt are founc on the
rranstormer wingings Or 1nsu'alors wher tne trans.
‘ormer s inspectec the ¢irt shoulc be removeZ 10
permi: free circulabion 0f air anc iC guarc agans: the
rossiodity of ‘nsuleton breakgowns Particular atten-
ten shoulc & Ziven 1o cle-~ing the 10p anc botiom
engs Of tne w ~dings assembdhies ang to cleamng ou!
the venuilating ducts

The wingings 3y be cleaned with 3 vacuum Cleaner.
a blower, Or w:t~ compressec air The use of a vacuum




Maintenance

Methods of Drying (Continued)

cleaner 1s preferrec as the firs! step 1~ cleaning.
followec by tne use of compressec air or mitrogen The
compressed air or nitregen shoulg be clear ana dry
ang shoulc be apphec at a reiatively low pressure (not
over 28 pounds per square inch) Leac supports.
terminal boaras. bushings anc other major insulation
surfaces shouic be brushec or wipe¢ with a ary cloth.
The use of hquid cleaners 1s discouragec as some of
them have a solvent or geteriorating ettect on
insulating matenals

Renewal Parts

Shoulc a transformer be damagec anc new parts
neececC. write 10 Natrona: Incustn giving full
namepilate information. Be sure to inciuge the senial
number and a oescription 0! the pari gesirec. It the
proper name of the part 1s in doubt. a sstmple skelch or
pnotograph will expedite prompt shipment 10 you.
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Trouble Shooting

Transtormer falure may occur in either the electnc.

magnetic or dielectric circuit,

Symptom

Overheating ..........oocoveinnn.nn

Reduced or Zero Voltage ............
Excess Secondary Voitage ...........
High Conductor Loss ................
Coil Distortion  ......................
Insulation Failure ....................

Breakers or Fuses Opening ..........
Excessive Cabie Heating .............

High Voltage to Ground .............
(using rectifier or VTVM meter)

Vibration and Noise ....-............
Overheating .........................

High Exciting Current ... ...........
High Core Loss .....................
insulation Failure ... ... ...........

Overheating .............cccoivinnnnn
Breakers or Fuse Open ..............

Cause

Electric Circuit

Continuous overiocad — wrong external connections - poor ventilation -
high surrounding air temperature. (Rating is based on 30 Degree C average
temperature over 24-hour period with peaks not to exceed 40 Degree C.)

Shorted turns - loose primary tap connections

Inout voltage high - improper primary tap connections
Overload - tap connections not on identical tap pos:itions
Couls short circuited

Continuous overloads - dirt accumulations on coils - mechanical damage
in hangling - lightning surge.

Short Circuit - overioad.
Improper bolted connection.
Usually a static charge condition.

Magnetic Circuit

Low frequency - high input voitage - core clamps loosened in shipment or
handling - improper primary tap connection.

High input voitage.

Low frequency - high input voltage - shorted turns.
Low frequency - high input voltage.
Very high core temperature due to high input voltage or low frequency.

Dielectric Circuit
Insulation failure.

Lightning surge - switching or line disturbance - broken bushings. taps, or
arrestors - excess dirt or dust on coils.

Clogged air ducts or inadequate ventilation.
Insulation failure.

It any of the above symptoms are noticed, the trans- the core and coil may have to be disassembled for a
tormer should be removed from service at once. compliete inspection Removal of the coils from the
immediate attention to the problem may save a large core 1s a factory or service shop operation. As this will
repair bill. In many instances, the trouple can pe found mean replacing many insulation parts when

quickly and the unit returned to service.

If the trouble cannot be definitely corrected. no further

use should be made of the transformer
has been found

it may be necessary to remove the core
closer examination. If no apparent fault

reassembling, 1t 1s advised that the trouble be reported
to the nearest National Industri representative, before
any dismantling takes place. Factory advice may agamn
save a larje repair bitl. When wrniting, describe the
nature of :he trouble, the extent and character of the
and coils for a damage, and list ali nameplate information.

can be found

until the cause
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Cooling System

Ventilated Dry and
Cast Coil Transtformers

Application Data

Tne forced air Coonng system s aes.gnec for use with
Lenniatec cry-type ang cast coil transformers Forcec
a:r COONNZ IS availatle o transtormers 300 - 3750
K\VA 10 suppry an agciionas 33-1 3% of overioac
capability to ambient air rating Consult tactory tor
overioac capabiities above 3750 KVA anc special
agphications not menticnec above

Description

Natiora: Ingustri Transtormers Inc offers 3 optionsn
torcec arr cooling equipment The 3 basic 0p!.0Ns
include the foillowing equipment

Option A — Future Forced Air Cooling
1 Insulatec tube well in 1ow voltage winding for
tuture agaition of temperature sensing cevice
2 Properly sized bus for increased capacity of
transformer
3 A control box with a hingec blank coor

Option B — Provision For Future Forced Air Cooling
4 Allitems gescribec under Optior A
5 A hinged goor with dia! type temperature
ingicator with S SPDT agjustable alarm
contacts anc a maximuym temperature
mnagicating pointer with reset

Option C — Complete Forced Air Cooling
€ Fan mounting brackets for maximum cooling
etticiency
T Aliitems gescribec under Option B
€ Aulomalic controi panel equippec with
ingicating hights anc ata-m bel!
9 Far moiors anc blades
16 120 VAC power source suppliec it specitiec at
time of orcer entry

Ordering Information

To orcer forcec aiv COChiNg ecuipment seiect ‘rom the
cgescrigtion atove Ooticr A B or C anc sc state tnal
setection or orce’

Control Power

Contro’ powe’ shoulc be suprilec by customer from
anv ava:mane 122 VAC supply The amount o' power
requirec tor coeration ot the Fan cooling sysiem will
vary with size 0 trans!ormer beinc suppliec Genera’
recuirements tor transtormers uc to 3000 VA
tambient air rating) 1500 VA Consult factory for
larger transtormers |1 120 VAC controf power s ~¢!
avaiable controi power may be furmshec b, factory
from the secongary 0‘ e main transformer !
specifiec at ime o' order entry In cases where Controi

power 1S 10 DE suppied by the factory tne customers
orger shoulc re written e ¢ 1500 200G AA FA Option
C Forcec Air Cooling. with control power

5 coul sensing s avaitable as a separate package -
consull tactory

Future Addition of Forced Air Equipment

Forcec air equipment may be agoec i the fielc to
transtormers that were equi!ppec by the tactory with
Future Forcec Air or Provision For Future Forced Air
Coonng (Option A anc B) Most units tnat reguire the
accition of a tan cooling system can be reagily
moditiea in the field Some of the units which have
been r service for longer peripogds of time may require
a more exiensive conversion process \When ordering
equipment for completion of torcec air cooling, the
serial number of the unit on which tans are being
adgeg must be supphed with the orger

Nationa! Industri reserves the right to alter any of the
equipmen: described 1in thisinformation.

Forced Air Cooling Equipment

(1) No ot (2) Fan Blage
KVA Motors Diameter.
300 3] T
301-500 6 g
501-750 6 g
751-1250 6 10"
1251-2000 12 Q"
2001-3000 12 10~
Above 3000 (3N {3)
Table 1
Notes:
{1v Fan motors are 1550 RPM 120 Voit 07 Amp. 183
= P each

{2y Fan blades are ungoatec aluminum
{3y Consultfactory
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Cooling System

Ventilated Dry and
Cast Coil Transformers

Thermostat

Tne control ¢ircuit elements are actuated by thermo-
meter contacts in the Qualitrol model 104-075-01
temperature indicator assembly

The thermostat 1s of the bourdon-tube type and s
connected with capiliary tubing to a bulb (nstalled
directly in tne air duct of the center transformer coul.
where it transmits the winding hot-spot temperature

Forced Air Cooling Equipment Contact Settings

Contact i (2) 13
220¢C | 188°C | 150°C
Max Max Max
Recom- Total Total Total

Contact | mencec | Dead |Temp Temp Temp
Posiion | Circuits | Band |erature | erature { erature

T | Lett Fan 17 .°C {180°C | 145°C 1 110°C
Controt
T | Center Alarm 5°C 210°C | 175°C {140°C
- | Aignt Auxihary | £°C [.20:C 188°C | 150°C
Table 2

(1) Standard settings for conventional Open-Wound
Transtormer Forced Air Coohing System. Used
on 80°C. 100°C 115°C, and 150°C Rise
Transtormers uniess specified otherwise

12} Standard settings for Cast-Coii Transformer
Forced Air Cooling System Used on 80°C.
100°C. and 115°C Rise Transformers unless
specified cthe-wise.

(3) Optional Settings for Cast-Coit and Open-Wound
Transformers Forced Air Cooling System. Used
when 80°C 1s to be maintained at Forced Air
Cooling Rating

Field Conversicn from Option A — Provisions for
Forced Air Cooling to Option B — Future Forced Air
Cooling.

A tube-well In the center coil of the transtormer will
normaily be provided for most instaltatons If no tube-
well exists in older units, consult factory for details

The temperature sensing bult of the temperature

indicator should be fully insertec into the tube-

well as shown on Fig 4

Proper air clearances must be maintained from any
transformer hive part to capiliary tubing and
temperature indicator. General guidelines for such
clearances are. up to S KV — 2'%2”, up to 15 KV — 6".

Replace hinged blank door over cutout in transformer
enclosure with temperature indicator panel with
indicator and termina: block attached. Indicator
contacts are available on this terminal block for
connect:on to remote devices, see Fig. 1.

Field Conversion from Option B — Future Forced Air
Cooling to Option C — Complete Forced Air Cooling

Fan mounting brackets. it not alreagy instalied. shoulc
be mounted as per Fig 6 Use existing bolts «n bottom
flange of botiom transformer ctamping channel if
available and if in approprniate position. Otherwise
weld brackets to the ocitom Hange.

Remove hinged indicator panel from cutout In
transformer enclosure and replace with FAC control
panel. Connect contact wires to terminal block on rear
of control panel per terminal numbers as shown on
Fig. 7.

Fan motors should be mounted on the mounting
brackets using lock washers on all screws. Fan biades
and rubber sound vibration reducing washer shouid
be installe~ - locaiing pins. and secured with lock
washer anc 5

Wire six fan .otors in parallel and connect to terminat
points 1 and 2 on terminal block on rear of FAC
contro! panel. If 12 motors are required, wire the
remaining six motors 1n parallel and connect to points
3 and 4. Connect 120 VAC to terminal points 11 and
12 on same terminal bicck
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Transformers Forced Air
Cooling System

Ventilated Dry and

Cast Coil Transformers

¥ CPT s required. mount unit anc fuses in a suitatie Fo
Iccation and connect as pe” Fig 9

Proper air clearances must be mainiainec be'ween all
cranciormer Live perts anc tan motors. blages and a!!

controt wiring

T Cigiia un ts see separate instruct:on manua!l

Temperatue Indicator Contact Wiring

RED

T % WHITE :: 1e + The temperature indicator 's equippec with 3-SPDT contacts. each

—_ inoependently ag)jus:able over a broac temperature range.
T__BLAaCK 16 =
2 Contact Raung' 10 Amp @ 125250 VAC
BLUE - 5 Amp @ 125 VOC (Non-inductive)
) 25 Amp & 250 VDC (Non-inductive)
2 ORANGE .2
T t 3 Contac:s are wired to control elements in FAC pane! in Oction C:orto
T _GREEN .. customer termination points for connection to remote devices N Option
B
BLK'WT .
e 4 Coniac: sengs are normally tactory preses For possible hieic adjust-
3 YELLOW e ments reter tc Table 2
—-_BROWN -
Fig. 1
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Transformers Forced Air
Cooling System

Dry and Cast Coil Transformers

1 Temperature Indicator
" — 12 ‘)@ 1. Black temperature indicating pointer.
13
. 2. Red maximum temperature pointer.
3. Maximum temperature pointer reset button.
4. Removable bezel ring for access 10 contact settings.
QA 5. Three adjustable contacts for connection to remote
A controls and alarm.
A
o 6. Temperature sensing bulb.
\\
0 7. Contact leads.
Temperature °C
Fig. 2
24 l 2% ‘ Field Instaliation of Temperature indicator
, 1. When indicator is supplied for fic . tnstallation in an
O O o enclosure which does not have provision for mounting
1 of device, the cutout and drilling shown at left will be
required.
o 2. Cutout should be made in non-removable panel.
it ]
3. Mount indicator with flange inside of pane!
4. Cutout should be in a location that provides adequate
—"—4— clearance to transformer live parts. Indicator extends
3% inside of panel.
2%
6" Dia Hole
316" Dia. Hole (4 Reqg'd.)
Fig. 3
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Transformers Forced Air
Cooling System

Dry and Cast Coil Transformers

"

v

i
A-mor Coverec /I R »
Cap.liary Tube I

FAC Conrtro: Pane:
{Option C

Collar € xtengs Eo Ff$p nel
Apove Col ortrol Fane
Far Baqe
Fan Notor
Temperature
Sensing Bulb
Fan Motor Wiring

Fig. 4

Deia o' tnsylated \vei

Notes ] INs"al 1mC Za'0” such that agequate clearance 10 hve pasts 1s mantained for indicator
anC £ad: 8y tud NG

Erercise Cate A0t 10 Crush sens ng bulD anc not 1o make sharp bends in capiitary tube Col excess
lengin 0' capihiaty tuDe and sunport 10 prevent damage 1c tube

)

Routr '3 mora Wit .ng 10 Manta:n ageqguate c:earance 1o trarstormer live parts
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Transformers Forced Air
Cooling System

Dry and Cast Coil Transformers

POINTER
SET
[t 23 a5 67 839 110mn 12
OFF FAN J|FAN NC & NO) |
ORGPl
MANUAL SILENCE POWER N
@ ACJSGLE)
O FUSE AUTO  TEST 120V
FANS ALARM PRI AIX AL
N URAENEEUEESHE
ol =] (S]] (N S]EINIE] S ] e
172 3 4'576' 7879101 12

— 25 WD. LUG- MAX.("6 SCREW)

Fig. 5
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Transformers Forced Air
Cooling System

Dry and Cast Coil Transformers

Air DUCHS s

Transtormer

Coil

Nut / \6*
Lockwasher \// Y;//L I/ v
Fan Blace \ Q / w

Rubber Backed

Rubber Resilient Fiat Washer

Mounting Wasner e
Locating Pin \

Fan Motor ins:aliec
Using Lockwasners

anc Screws /
4

Far Mountirz Sracket

{Weigec or Boiteg: (

(N

‘Co

re

]

Transtormer

SNy

Transtormer Mountuing Foot

Transtormer C.amping Channel

Fig. 6
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Transformers

Forced Air

Cooling System

Dry and Cast Coil Transformers

SILENCE
s @ALARM
\
O r *—— 1
TEST R2-2 THERMO.
SW. 2
A R2 R2-1 '
ANC \ 4
o
a1 AUTO
>—0
MAN.
THERMO. SW1 FANS
YEL l
R1-2 R1-1 ,
r—‘ ——
Li b J

b

FAN

é\%'

- -,{into FAC box)

i
[

HEAT SENSING BULB
(to center co!l of transformer)

B

|

Lo aRM]

THERMO

Sw.3

B §>

Sw3

TRIP

Fig. 7
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Transformers

Forced Air
Cooling System

Dry and Cast Coil Transformers

FAC Instructions

Suppty of 220 volts - 65 Hz or 100 volts - 50 Hz 1o

po'nts 11 ang 12 of contro! panel

Fanel s ge-energizec witr main switch in "OFF”
position

Vith circuit creakers it - ON' position the green

FOWER puctnghtingicates that paneis
energ.zec Transformer may be operatec atts
torcec air rating onty 1! this ightis on

Move FANS switchic AUTQO pesiion Thists
tne normai position tor operating fan controlier
Wnen the temperature o' 71 contact is reachec.
contact T1closes the amber FANS hghtis
energ.zec. fan moiors operate The fan motors
anc tne "FANS" hignt wili continye to operate
until the temperature talls 15-20° C below T1
contact setting

Move "FANS switch to "MANUAL posiion
Tris funcitor by-passes the automatic Contro.s
anc operates tan continuously This position
snoulc be usec only for emergency operation or
testing of tar mctlors

i temperature continues to rise above 171 contact
setting anc T2 contac: setting 1s reached. contact
T2 cicses. energizing the red " ALARM ligh?, the

84
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local annunciator. and the remote "ALARM”
contacts on the rear termina! poard The local
annunciator and the remote "ALARM"™ contacts
may be de-energized by momentarily moving the
"ALARM  switch 10 "SILENCE" position. while
overioad condition is being adjusted The red
"ALARM" light will remain highted until
temperature falis 5-10°C below T2 contact
saetting The "ALARM" circuit alse resets itself a:
this point

Move "ALARM” switch to "TEST" position to tes
operation of the "ALARM™ lignt. local
annunciator. anc remote "ALARM” relay
operation. The red "ALARM" light, local
annunciator, and remote "TALARM" relay will ali
remair actuated as long as the "ALARM" switch
1s held in the "TEST” position.

Auxihary circuit for remote "ALARM”
connections are proviged at points 5 and 6.
Device shoulc be rated maximum 120 vac, 3
amps Power is proviced from fan controi panel

Auxthiary circurt tor remote "TRIP” connections
are proviged at points 7. 8 anc 8@ Device should
not exceecd 3 amps 125250 vac and should
incliugde 1ts own source of supply power.




Transformers Forced Air

Cooling System

Dry and Cast Coil Transformers

Notes

Primary

Secondary r-‘\’,\'

i
i t
O 11 :

|
l '
o
- l'
ig. 8 - 1
Fig L

Points A and B connected tc 240 or 480 volt supp.y

Fuses — see table below

Connect primary of CPT for correct input voliage See CPT nameplaie

for proper connection

Connec! secondary of CPT as shown by dotted iines

Qutput of CPT connected to termunal points 11 anad 12 ot FAC panel

See Fig 7

Man Irput Voitage Fuse Size

Transfor mer to CPT Required

Up to 240V 250V - 9A

3000 KVA 480 v 600V - 5A

Above

3000 KVA 480V 600V 9A
Tabie 3
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Gm Sefes S8XL Cimco Blectonics, Inc.
Temeene mdcur | POIAI.
?“ for D’,‘Tm (412 S20-9559
Cimco's Series 50 XL insyuments FAIL SAFE FEATURES

OPERATION

As the temperatire of the Transfarmer hot
spot changes, the ambient compensated
creut prowous accurste indicstion of the
highest temperatre which the 3 thermo-
coupies sense. This highest temperatire o
used to drive the contral logic. The set points
for the switch and gt operation ere
energized rom the same circuit which drives
the indcator on the face of the panel. The
slwm and T relays have a 5C hysterysis to
conrol has a 25C hysterysis to heip extend
the He of the tans and the fan relay contacts.
The power ight is geen, the fans-on light is
yelow, the alarm git is red, and the Tip ight
s red

imbedded into the 1.2 KV dry-type cois to
sense the hot-spot temperatre dreclly
withat concern for thermal gradients within
the cols.

C-39

o With loss of power , Alerm tums on

* With jces of any thermocoupie, Alerm and
Fan relays tumn on while the ¥ip circuit does
not tsn on under either of the above
conditions.

* if fan confral switch is in off position or if fan
contral logic is inoperative, the Trip function
wil arn on: fane.

INSTALLATION

insructions we printed on the
ide of the inetrument next to the

IF
t

i
:
5

120 / 240 VAC input power selection

Penel mounted

Verity accuracy by reading ambient at start.
o Set points are aduetable by transformer

« Varity set poirtts with seli-test feature

* Use Type “E” thermocoupies
* The red thermocoupie lead i “negative®.

S

3

CONSTRUCTION

All of the necessary crcuitry and relays are
enclosed. An atractive face plate covers the
smal cabinet and is used to mount the
nerument in the dy-type Tansiormer sheet
metal encloswre. Al connecting terminal
points e located on the back of the
insrument and are dearly labeled to help
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CIREPO sertes sexa Cimco Blectronica, inc.
'm . m« ‘ P.o.m”.""ws’.
Woest Médesex, PA 18158
‘(r:“* for u'y-Typo (412 520-9559
OPERATIONAL CONTROLS
» FAN CONTROL SWITCH

The fan contol switch can be in the automatic, manusal, or off position. In automatic,
fans tm on and off at the previously set fans on-end-off temperanre. In the menual
position, fans will be tunhed on at al times. in the off position, fan power is not
svailable to the fane.

* ALARM

The operster can sience the jocal alarm located on the front panel of the
nsyument. The remote alarm continues unti the slarm condition clears. The
compiete alarm circuit is tested by using the self test feature.

» SELF TEST

The seif test featire provides the operator with the ability to test ol set ponts
without the need for addiional inerumentation. The push and hoid contral energizes
the test crcuit The make and treak set points ere checked by changing the tum to
check control and compering the on-off action of the fans on, alarm, and Tip ights
with the indcation on the read-out. The fans, local and remote alerms, and ¥ip ights
&re tuned on by the self test festire. The Trip relay is not energized Aring self test.

The self test feature can also be used to change the set points. Contact the
vansiormer manutacturer before sttempting to change set-points. The
serpoints are established to protect the insulation system as well as the electical

opersting system.

The self test featre can aleo be used 1o test the entre electrical contral scheme
and fana. The ¥ip crcuit wil not energize when using the self test featire.

« MAXIMUM TEMPERATURE MEMORY

The maximum temperature memory is dieplayed on the meter by pressing the
push to read contral. The meximum memary is erased by pressing the push to reeet
control. The maximum temperatre memdry is retained in the electronics far 0
days or mare it the power to the inerument is lost. A battery is not used to retan
memcry.

+ THREE THERMOCOUPLE SELECTOR

The three thermocouple selector featre operates automaticaly to select the
hottest phase 10 be used in the contral logic. To resd the temperatire of the other
phases, prees the carespondng control button.  Tivee ights indcate which phase
is the hottest and is being used in the contral logic. :

« FUSE
The frant mounted fuse o treaker is to protect the fans. The instrument is nat fused
in arder to provide maximum protection for e ransiarmer.




CIMED senes sax.
Winding Temperatwre Indicater
& Controller for Dry-Type

Cimeco Blectronics, Inc.
P.O.BOX 246 » 104 MAN ST.
Weet Mddesex, PA 18159

- (412) 520-9559
FEATURES
SELF.TEST + OPERATING INSTRUCTIONS
. - « SINGLE FUNCTION CONTROLS - - ALL OF
« ALL ON-OFF SET-POINTS CAN BE THE FRONT PANEL CONTROLS PERFORM
CHECKED BY USING FRONT PANEL ONE FUNCTION ONLY.
CONTROLS. * INSTRUCTIONS FOR EACH CONTROL ARE

« ALL Or SET-POINTS CAN BE CHANGED

USING THE FRONT PANEL CONTROLS
AND THE SCREW DRIVER
ADJUSTMENTS. (DEAD BAND IS FIXED)
+ MAXIMUM MEMORY IS NOT AFFECTED
BY SELF-TEST
« EXTERNAL TRIP CIRCUIT IS NOT
AFFECTED
» LOCAL ALARM CAN BE TESTED
« FANS AND REMOTE ALARM CAN BE
TESTED
« FANS ON, ALARM, AND TRIP LIGHTS
CAN BE TESTED
» FAIL-SAFE
« FORANY OPEN THERMOCOUPLE
« METER WILL READ F'”LL SCALE
+ MAXIMUM MEMORY READS FULL
SCALE
+ FAN, ALARM, AND TRIP LUGHTS TURN
ON
+ ALARM RELAYS OPERATE
+ LOCAL SONIC ALARM OPERATES
+ TRIP RELAY DOES NOT OPERATE
« FORLOSS OF POWER TO INSTRUMENT
« ALL UGHTS TURN OFF
+ ALARM RELAYS TURN ON
* MAXIMUM TEMPERATURE IS STORED
* RETAINED AT LEA™ " FOR J0DAYS
« NO LOSS OF ACCL-ACY
* NOBATTERYPOWER
* INSTALLATION INSTRUCTIONS
« COMPLETE INSTRUCTIONS ON BACK
PLATE
« TERMINALS CLEARLY MARKED
« FUNCTIONAL DESCRIPTION INCLUDED
THERMOCOUPLE CONNECTING
INSTRUCTIONS

* X AMPS OF FAN POWER
» TWO SETS OF FAN POWER TERMINALS

120/ 240 VAC INPUT SELECTION .

41

PRINTED ON THE FRONT PANEL NEXT TO
THE CONTROL.

» EXPERIENCED CONTROL ROOM

OPERATORS USUALLY DO NOT REQUIRE
ANY TRAINING TO OPERATE THIS
INSTRUMENT.

OPERATING INSTRUCTIONS FOR
MAXIMUM TEMPERATURE MEMORY

* AT START-UP

* PRESS "PUSH TO READ"

 PRESS "PUSH TO RESET" IF RESET IS
DESIRED

* NORMALOPERATION

* PRESS "PUSH TO READ" TO DETERMINE
MAXIMUM
TEMPERATURE SINCE LAST RESET

» PRESS *PUSH TO RESET" TO CLEAR THE
MAXIMUM TEMPERATURE YALUE IN
MEMORY

OPERATING INSTRUCTIONS
FOR SELF-TEST FEATURE

SET FANMODE CONTROL TO AUTOMATIC
RC . ATE SELF-TEST CONTROL
COUNTER-CLOCK WISE
PRESS "PUSH AND HOLD" SWITCH
SLOWLY ROTATE SELF-TEST CONTROL
CLOCX WISE
RECORD THE TEMPERATURE INDICATITN
ON THE METER AS EACH OF THE CONT~O
LIGHTS TURNS ON.
SLOWLY ROTATE THE SELF-TEST
CONTROL COUNTER CLOCKWISE. (OK TC
SILENCE ALARM DURING CHECK )
RECORD THE TEMPERATURE INDICATION
ON THE METER AS EACH OF THE CONTRC
LIGHTS TURNS OFF
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CIed sertes sex. Cimco Blectronics, Inc.
Winding Temperatire Indicator P.‘S.aoxm-mwusr.
oot Mdddosex, PA 16158
& Controller for Dry-Type (412 5264559
Translormers
GENERAL SPECIFICATIONS
FEATURE STANDARD OPTIONAL
SCALE RANGE 0-250C
SCALE TYPE DIGITAL
ACCURACY 4+ 1% OF FULL SCALE
CURRENT LOOP 420 MILLI AMP
SET POINT RANGE  FULL SCALE
DEAD BAND
FANS 25C >10C<50C
ALARM AND TRIP sC >5C<20C

FAN CONTROL AUTO-OFF-MANUAL AUTO-MANUAL
FAN RELAY RATINGS
FANS 1 (SPST) 1 HP AT 120 VAC
1-1/2 HP AT 240 VAC
FANS 2 (SPST) 1 HP AT 120 VAC
1-1/2 HP AT 240 YAC
ALARM AND TRIP 10 AMPS AT 120 VAC
RELAY RATING 8 AMPS AT 240 VAC
ATPF=10
1.5 AMPS AT 125 YDC
0.7 AMPS AT 240 VDC

THERMOCOUPLE TYPE°E®
3 REQUIRED

SUPPLY POWER 120 0R 240 VAC

MAXIMUM LOAD 30 AMPS
PROTECTION 20 AMP FUSE SINGLE POLE BREAKER
ON FAN CIRCUIT

SONIC ALARM FRONT PANEL MOUNT
90cd - INTERMITTENT SIREN

PANEL CUT-OUT 6.75° WIDE BY 13.875  CONTACT CIMCO
HHPOT TEST" 1500 VAC, 60HZ, 60 SEC.

*TEST NOTES
» DURING HIFPOT TEST: DO NOT INCLUDE THE THERMOCOUPLE

TERMINALS IN THE TEST.
« DURING IMPULSE TEST; DO NOT CONNECT THERMOCOUPLE

TERMINALS TO GROUND. C-42




71/8°

'L(TER WILL AUTOMATICALLY READ PHASE WITH HIGHEST T'EP‘PERATU*

. 0

PUSH SWITCHES TO READ OTHER PHASES

O O O

LEFT CENTER RIGHT
AL FUSE

CAUTION
DO NOT REMOVE THIS INSTRUMENT WHILE
TRANSFORMER OR INSTRUMENT IS ENERGIZED

1/2° f

{
6 HOLES-0.313" SQ.

—_—
e 9 >
| |
- 7.93"
- .
[- 0
NOTES
| |
£8 NATIONAL INDUSTRI 1. FACE PLATE IS 0.60°
BRUSHED ALUMINUM.
AUTO 2. LETTERING IS SLIGHTL
FANS POWER SMALLER IN SCALE TH
OFF O ON THAN SHOWN.
MAN 3. BOX IS 4~ DEEP.
4, BOXI1S6-1/2"X 11-1
PUSH TO y
SILENCE O 7Y FANS S. TYPE "E" THERMOCOUF
ALARM G ON IS STANDARD.
© 6. FUSE DOES NOT
> . INTERRUPT POWER T¢
- PUSH WINDING TEMPERATURE °C
~ AND HOLD O . ALARH INSTRUMENT.
SELF TEST 7. ALARM EMITS AN
TURN TO INTERMITTENT HIGH
CHECK . P PITCHED SIREN TYPE
SET-POINTS OF SOUND RATED AT
N\ MAXIMUM 90 &
~1 * {5 — PUsH PUSH 8. ALL LIGHTS ARE LED'S
n TO READ “’;‘5"&7‘}“ O 70 REST™ O 9. DIGITAL METER IS LEC

SERIES 50 XL
NATIONAL INDUSTI

CiMCO ELECTRONICS, IN
WEST MIDOLESEX, PA 161
(412) 528-9559

SCALE = 172 DEC. 3,11
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FAN MODE SILENCE SELF TEST
SELECTOR o ALARM CONTRO
SWITCH ! l 1. 1
] L L™ 1
BE & caoun
| <  CONTROL LOGIC
0-250°C — TRIP
METER
THERMOCOU
SELECTOR Pu#
-
3 TYPEE f_%
THERMOCOUPLES - RM
- @) At
PHASE A -

TO MATCH INPUT ON
INALS 11 AND 12

SUPILY

Y |
<f:> B ) |
Y —® T g H2 SELECT TERMINALS
D -~
D

Hi

THERMOCOUPLE '
- LEAD IS RED @

PHASE — T LEFT
SELECTOR _iamm
—~ T RIGHT

O o)y <0
POWER FANS ALARM TRIP

ON ON
STATUS LIGHTS TO0

POWER POWER POWER IN

ouT ouT 120 OR .
TO 240 VAC SERIES S0 *L

FANS1 FANS2 CONTROL DIAGRAM
NATIONAL INDUSTR

NOTE: ALL LIGHTS ARE LED'S

CIMCO ELECTRONICS, INC.
SUB 2 WEST MIDDLESEX, PA 1615¢
JAN 9. 1989 (412) 528-9339

SUB |
DEC. 2, 1987 SCALE O 1/2 MAR. 12,198
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AL EID D
A0

ASEA BROWN BOVER!

Ettective May 1991
Supersedes | B 46-060-1.
Section D, qatec June. 1985

ABB Power T&D Company Inc. Instruction Booklet
Ungergrounc Distnbution Transtormers 1.B. 46-060-1, Section D

Jefterson Crity. MO 65101

Instructions for Qil-lmmersed
Distribution Transformers
Section D: Padmounted, 75-2500 KVA, Three-Phase
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1.0 INTRODUCTION

The tnree phase pagomountec d:istributior transtormer s
cesignec 1o provide e-ectnica ser.:ce onunagergrounc gistni-
pution systems Tne transtormer s gesignec tor outgoor
mounting 0" a pac Priman anc secongary cadles enter the
transtormer comparimen: from beiow through opemings in
tne pac All expesec live parts ase completely encloseg «n
tamper-resistant capine’s with provisions tor pagiocking

The transtormers gescribec heren are designec for the
congitions normally encounterec Gn electnic utinly power
aistriDUliON Systems As such tne, are suitable tor use under
the "usua service conciions gescridec in ANSI C57 12.00
(Genera: Reguirements tor Liguig-rmmersed Distribution.
Powegr anc Regulating Transtormers All other conditions

are consigerec unusua’ service anc shoulid be avoiged

2.0 SAFETY

mnnma.nmgms INSTRUCTION BOOK CARE-3
FULLY: BEFORE;ATTEMPTING TO INSTALL MAIN-Z
TAIN,JOPERATE OR SERVICE THE TRANSFORMER.:
. FAILURE_TO FOLLOW INSTRUCTIONS CAN CAUSE &
SEVERE INJURY, DEATH, OR PROPERTY nmma;g

Keep this Instruction Book avalable to those responsibie
for the instaltation. maintenance operation. andservice of the

transtormer Safety as definec¢ in this instruction Book
Involves two conditions

1 Persona injury
2 Proauct or property camage

SEE IMPORTANT "DISCLAIMER OF WARRANTIES AND
LIMITATION OF LIASILITY" ON PAGE 12

Safety notations intengeg to alert personne! of possibie
personar injury. geath or property damage. have been in-

serted in the instructiona’ text prior to the step in which the
condition 1s cited These satety notations are headed by one
of three hazard intensity tevels which are defineg as tolliows:

3. CAUTION — Hazard orunsafte practice which wili or
can cause minor personal imury of minor property
damage.

Tne trarsarmer $NOUIC T upera' e @anc servicec oniy by
competen: personne’ tami.ar witt good satety practines
These nstructions aze wntte” for such personne:anc are not
intended as asubstitute tor adecuate traiming and experience
In the use ot this equipmen! Shoulc ciarttication or turther
intormatior beregurrec 0’ Shouic propiems arise which are
not covered sutficiently 1o the use- s purpose, reter the mat-
tertothe ABB Power T&Z Company Inc Whencommunicat-
ing with ABE regarding the oroduct coverec by this Instruc-
ton Book awavs include the fotlowing items of information
from the tra~stormers nameplate Senai number, style
number. KVA rating high voliage and low voltage ratngs
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Additionally al! applhicable satety procedures such as
OSHA requirements regiona' and loca! satety requirements,
sate working practices and good judgement must be usec by
such personnel

3.0 RECEIVING

 OR JACKING PADS PROVIDED FOR THIS PURPOSES
f IMPROPER-LIFTING OR JACKING CAN, CAUSES
L SEVERE INJURY AND PROPERTY DAMAGE =2

Thetranstormers are normally smnipped completely assemb-
lec ang reacdy to instali Each transtormer snouic be carefully
irspectec yuponreceipt anc the transporiation comgany notr-
fieq 0t any camage that has been incurred The shipping list
snoulc be checked for possibie shortages

Three-phase transformers are normally shippec on a paliet
Palletized transtormers in these ratinQs may be movecreaduy
th alitttrucn. Ccrane. orcart The litting hooks supphiec onthe
siges of the transtormer enabie it to be liftec by crane

Be sure the device chosen has the capacity to it or move.
the compiete unit {(Weight 1s shown on the namepiate )

Li#t the transformer utiizing al! the hooks and use proper
spreagers 1o optan a vertical lift.

../ \

= Litting
- Hooks
“
c
! ~
~  Jacking
Bolt “ Pads

Fig. 1

Tris transforme’ has been furnished with a "penta-heac’
locking bolt that must be loosenec to open the compartment
This polt can be turnec w.in 2 stangard peniaheac socxel
twrench). as usec widely in the utrlity Ingusiry 3ccvets can
be ottaineZ trom the Snap-On Company (tooi s82191; or
eguivalen?
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4.0 EXTERNAL INSPECTION

7 nnma::usomnususnmsm
EFORE. VOLTAGE IS APPLIED, YO
' usnmnmnﬁ ‘f\:

£ S

ROPER™ m:.—:.svsgcm

The o! leve! shoulc be checked bv removing the ol leve!
plug locatec atthe 25 °C level Any unit which does not have
the proper o1l tevel should be cnecked for leaks and refilieg
through the ven! plug betore placing in service Use Only
qualtty ol pesr ASTM D3487 when adding o1l 1o the trans.
tormer The transformer was filled or processed at the tactory
with non-PCB aretectric tluic in accorgance with Fegera!
Polychiorinaiec Bi-phenyl (PCB) Regulations 40 CFR 761. et
seq The non-PCRB tiuid containec less than 1ppm at time o
processing or hling The owner should take the necessary
precaunions so that PCB contamination 1s not introduced
auning field filling or maintenance of the transtormer (refer 1o
Fig 2)

Oil Fil
Qil Level Plug (Vent) Plug
Oil Leve! ’
[ ———— — o — —— — P Wl s —— A
N
LI [~ A !
j' ~ . 3 ' ‘::’. N !

°

\ 0i! Drain Plug

High Voltage Low Volitage

Fig. 2

5.0 INTERNAL TANK INSPECTION

WARNING‘ ALWAYS VENT THE TRANSFORMER BY
& FOLLOWING THE INSTRUCTIONS IN SECTION 7.3."
= FAILURE TO DO SO CAN CAUSE SEVERE PERSONAL. -
~ INJURY; DEATH OR SUBSTANTIAL PROPERTY:

DAMAGE. ﬁ:‘n_w-rﬂb-w M*“"““ 2ae

LatF iy

CAUTION: WHEN A TRANSFORMER iS OPENED, USE
CARE TO PREVENT ENTRANCE OF MOISTURE OR
FOREIGN OBJECTS. MOISTURE. DIRT OR FOREIGN
OBJECTS CAN WEAKEN THE INSULATION OF A
TRANSFORMER AND GREATLY SHORTEN ITS LIFE.

The trarsformer covered by this instruction 1s shipped
©ady forinstallation and does not require internal inspection.
awever f the transformer must be opened, prevent the
entrance of moisture or other toreign matenial
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6.0 STORAGE

The trarsformer shoulC be stored compietely assembied
{tank sealed anc cabinetry closed: as though 11 were ener-
Qizeg anc alits permanenticcauon Jranstormers shoulc not
be stackeZ ontop ot one another and care mus! be exercisec
to preven: submersion in water The transtormer should be
storec on a sotid leve! founoation

In the event a transtormer 1s 1o be held in storage for a
perioginexcess of one (1) vear 1tisrecommenaec the space
abovetne oil be pressurizec with dry airto two {2 to three (3)
psig This will prevent moisture ingress Que 0 negative
pressure.

The transformer will be reaay tor service at any time pro-

vided 1t nas received the inspections cutiined in Sections 4.0
and Section 7.0 thru 7.7.

7.0 INSTALLATION

Installation should ccmply with the I3test ecition o' the
Nationa! Electrnical Code

7.1 Mounting

C-47

The transtormers should be mounted on a fiat leve!l pac
strong enough to support the weight of the transformer The
unit should not be tiltec n any direction greater than 1.5
degrees. as a greater tit will cause aeviatigns in hiquic leve!
near fuses. pressure reliet devices. or other accessories spe-
cilically locatea at or near the 25 degree C hquid levet.

CAUTION: DEVIATIONS IN OIL LEVEL CAN IN-
CREASE THE POSSIBiLITY OF A DISRUPTIVE
FAILURE.

Wnen supphe¢ hotd cown cleats or brackets shoulc be
usec 1o bolt the transformer securely to tne pad (refer to Fig
3)

The transformer cabinet should sit flush on the pac aliow-
INg No Qaps which would compromise the tamper-resistance
o the transformer

7.2 Location

Sincethese transtormers 2ontain a flammabdle insulatinz fuid
iminera: o). transtorme  -lure can cause fire anc o explo-
sion Tnis possibility shcuIC be consicered when localung
these transtormers in close proximity to build:ngs 0 pubhc
tharougrtares Retertothelaiesteditionofthe National Elec-
trical Coae

7.3 Venting

Ven: the transformer by manually operating the pressure
reliet gevice normally providec or by removing the vent piug
The transtormer shoulC be vented before it 15 energized 1f 1t
has been pressurized for leak test or f the unit has been
openegd and reseaied
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Bottom of Cabinet Compartment ‘

H
|
l \ ~ Cleats : !
|

e R |
[V . =
— 4 ——— —
, :
S———L___ 20 on 46-62 Width
24" on 66-70 Width
L~ sill
(-
i I
|
b
Typical Bolted Cleat Assembly
Fig. 3

7.4 Grounding

BN . ) W v sty a2 =

f WARNING: THE TRANSFORMER MUST BE PROPERLY -
) GROUNDED PRIOR TO ENERGIZING. FAILURE TO'
4 °ROPERLY GROUND CAN CAUSE SEVERE INJURY'

v

P OR DEATH ™7~ HhIr=s v

e e v e en e = e

bhil

rerr—
D, TN e, e -

s A et e
A GOCC permanen! 10w 'mpeganrce grounc connecuon
Mus: 0@ Mage tonetans Dy us NZ INe Crounc Pac:s: provigec
near the Dot C° the 1ane 107 tmis DUrnose

Trane!ormers wnizn are cesigred for yse om a grcuncec
wye sysferm tna’ (s cne =av.ng a $0haly groungec neytra:
™ .St mave thetata ang otmer avasadie neylra's permanent.y
a~¢ 3ohidly grounczec i2 the cOM™On neytra: 0 the system
before the transtormer s energizec

7.5 Connections

Durning instaila:o~ the recommenced secuence 9 ccnnec-
tions s tn hirst make @' grounc Connechons then the iow
voitage connections anc hnally the high voltage connec-
tons The tra~stormer shouic be removec from service by
reversing 1=  above seaquence ¢! connections Caretully
check the t  1sformer namepiate for its ratling anc the con-
nections that can be made 1011 Avoic excessive strain on the
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bushingterminals o7 insulators This could loosen the contact
j101Nts O gam="e the insulators

7.6 Liquid Level

Never operate or apply voltage 1o transtormer it the hquic
level 1s beiow the 25 acegree C hquid level plug more than ";
tnch Check the hquic level before the transformer 1s ener-

gizec tc ensure the proper hquid level

NOTE Cold temperatures can cause the liauid level 1o
arop. through contraction. by more tnan ': inch When this
happens the hiquid should be heated 1o alliow for expansion to
the proper hauid level or agditional hquid 1s 1c be aagec to
bring the Lquic levet up to within " 1nch of the hiquic leve!
piug Tris iquid will then have 1o be removec when the unit
has reachec norma! operating temperature Follow the main-
tenance information in Section 10.0 wnen aaging and remov-
Ing any hquic

7.7 Cabinet Security

3 WARNING" FAILUR%O PROPERLY. SECURE THEX
. CABINET MAY ALLOW ACCESS BY UNAUTHORIZED 2

! PERSONNEL'WHICH "CAN { CAUSE SEVERE INJURY;"

Belore leaving the site o an energized transformer, maxe
surethatany protective orinsulating barriers are in place.the
cabinet 1s completely closec. anc all loCcking provisions are
preperly instalieg

The tollowing procedure should be used to assure cabinet
security

A Ciose the tugh voltage (left) door and secure 1t 1n place
witn the caplive bolts suppihed {pentaneac or hexnhead)

B Ciosethe low voltage (ngnht) door anc secure itr piace by
rotating the handle in a ciockwise direction unti’ seateg
fhandie shoulC then pe 1n a vertical ornentation)

C Tigntenthe satety bolt (pentaheac or hexhead!locatedn
the tocking tube unti fully seatec

C Install a padlochk through the door handle anc Iccking
tube anc secure

E Cneck both the high anc low voltage coors for proper it

ang secu’

8.0 OPERATION

Tris transform - was buill ang lestec in accordance with the
1atestversionc e foliowing stangaras o' Amernican Nationa.
Stancaras Instituie

ANSI C57 1200 — Genera! Requirements for Liquig-
immersed Distribution. Power anc Regulating Trans-
tormers

ANSI C57 12 90 — Test Code for Ligurg-tmmersec Distr-
button Power and Regulating Transtormers anc Guiae tor
Short-Circuit Testing ot Distribution ang Power Trans-
formers
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9.0 ACCESSORIZS AND COMPONENTS

9.1 Bushings

CAUTION. REMOVE ALL DIRT AND FOREIGN MATE-
RIAL FROM ALL BUSHINGS BEFORE PLACING TRANS-
FORMER IN SERVICE. READ AND FOLLOW THE MAN-
UFACTURER'S INSTRUCTIONS FOR INSTALLING
SEPARABLE-INSULATED HIGH VOLTAGE CONNEC-
TORS. DO NOT ENERGIZE THE TRANSFORMZR WITH
THE SHIPPING CAPS ON THE BUSHINGS OR IN-
SERTS. DO NOT OPERATE THE TRANSFORMER
BEYOND THE MANUFACTURER'S RATING. FAILURE
TODO SO CANCAUSE MINORPERSONAL INJURY OR
PROPERTY DAMAGE.

9.1.1 Separable Insulated Connectors

Sera-ar e imsyfatec corneclors ma. be universal bushing
WETS 1T TeGta busninas O DUSNING wells witr Jnserts 1n-
Tne, ma\ be etner 1DAlsreak 0 NON-Icadbrean Al
07 Mius! 0 gry @nc cieat of any contamination
DETIre 1Nsaliator NUSeC tlerminals shoulC de property ter-
minatecic prevenif Jssidie contaminatior Foliow the mang-
taCturer & ~"EiryChions anc warnings on the use o' tnese
termingliz-s

9.1.2 Porcelain Bushings

High voitacE porcelar bustings iwhen provigec are exter-

caswetec pushings v th eveDdoll-tvpe ter—ui-
~a<s Trszrman cabies entes the companment from be w
a7 anatn iz tne bushinclermurals The e, enplt-type term.-

2LI0m™mozate N Einroug” 250 kImMy cadie

raliv ¢ a~gpec

T3 LW

9.2 Fuses

WARNING: OPERATION OF A FUSE MAY INDICATE A
FAULTED TRANSFORMER. DO NOT REPLACE THE
FUSE UNLESS THE CAUSE OF THE FUSE OPERATION
IS POSITIVELY IDENTIFIED AND CORRECTED. IF THE
CAUSE OF THE FUSE OPERATION CANNOT BE POSI-
TIVELY IDENTIFIED AND CORRECTED, THE TRANS-
FORMER SHOULD BE REPLACED OR RE-ENERGIZED
FROM A REMOTE LOCATION. FAILURE TO DO SO
. CAN CAUSE SEVERE INJURY, DEATH OR PROPERTY
DAMAGE.

v ey ——— i gy

WARNING: FUSES SHOULD BE OPERATED WITHIN
THEIR RATINGS AND REPLACED WITH FUSES HAV-
! ING EQUIVALENT VOLTAGE AND TIME-CURRENT
CHARACTERISTICS. FA'LURE TO DO SO CAN CAUSE
L SEVERE INJURY, DEATH OR PROPERTY DAMAGE.

9.2.1 Prolective Link

e —————
WARNING: VENT THE TRANSFORMER BEFORE DIS-
TURBING THE TANK SEAL. FAILURE TO DO SO CAN -
CAUSE SEVERE INJURY, DEATH OR PROPERTY
} DAMAGE.

——

C-£9

Trie protective Nk 1S a3n oti-immersec Mg v Ollate exou-
S 27 TLSE QBSIZNEC 10 1SDIate tne [g@nsto ~er from the Ci8lr -
DLUOT svstem I the event 0 & trans'ormer fautl insiCE tne
tarnw 07 tne loas sige ot the ink 1118 NCt Jes:cnes i 0rC. Qe

.er0ac or seccrcary fault current protectior 127 tne
transiormer

Vvnennspecting o replacing protective inkes awa sven!
(e :'ﬂ"vcrme' oefore Cisturoing the tarn seat as oyt nes -
sectiun T 2 Care shouls be tanen to crevent the eirgnce ¢f
moisture or foreign materia:

Foriorinertechnical information referto ABE TF_

9.2.2 Bayonet Oil Fuse

OPERATING THE BAYONET FUSEHOLDER. FAILURE
TO DO SO CAN CAUSE SEVERE INJURY, DEATH OR
PROPERTY DAMAGE.

{ WARNING: VENT THE TRANSFORMER BEFORE
|
.‘

S c—

Tne cavone: ortuse s a gevicewnich permits repracement
ctar uraer-or exputs:or fuse rn the fieil ang has sasoreas
cananility allowing it tc enerc.2e anc Qe-energile a irans-
tarmer ‘ ) i

-~

TC coeraty 07 replace the fuse foiow the msttLTiCms

Bol™S

Feorfuntnertermmicanintormangn reten

9.2.3 Loadbreak Drawout Fusehoider

Se.ize COMDINeS the high rterrytlims Z8Da0 'y .
tm 2 ot ewer
ElaloR i et

anc 1tazmane wmm o me

rpaRe g trent \\M"y'\"‘ LRI

WOt utaTes the e

Trgar

LTImer e INMCA IntT I ImEtion 120

T A

9.2.4 Deadbreak Drawout Fuseholder
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Tc operate the bavonet Loadoreak Fuseholders
necessary to raise the Hingec Weatnercover (Fiip-top)

With both cabinet doors tully open (over 90 degrees).
push upward on the tront egge of the cover assembpiy Tilt

oS

the hinged cover backward until the supporting arm con-

nectec to the high-iow barrier. can be securely latched in
place on the inside of the cover

Proceed with the operating instructions 1or the Bayonet
Loadbreah Fuseholdger (below)

BAYONET LOADBREAK FUSEHOLDER

'WARNING: OPERATE THE FUSEHOLDERPER THESE | msmucnons FAILURE‘I’O no so cm nesux:r :
ussvsnsm.mnv‘num‘on PROPEATY R 2 o

VENT THE TRANSFORMER AS
OUTLINED IN SECTION 7.3

ATTACH HOT-LINE TOOL TO
HANDLE EYE. STAND TO ONE
SIDE AND UNLOCK THE HANDLE.

PUSH DOWN AND ROTATE THE
HANDLE 90° CLOCKWISE IN THE
HOUSING TO BREAK ANY ADHE-
SION BETWEEN THE GASKET AND
THE HOUSING

DUST
CAP

|
i
i
i
l
|
|
|
|
|

JERK THE FUSEHOLDER QUT
APPROXIMATE_ Y€ TOOPEN THE
CIRCUIT WAIT & FEW SECONDS
ECR QIL TC DRAIN BACK INTO
THE TANK THEN COMPL_ETELY
WITHDRAW FUSEHD_DER

®

TO REPLACE FUSE

INSTRUCTIONS FOR REPLACING
FUSE ELEMENT ARE PACKED
WITHEACH REPLACEMENT FUSE
FOLLOW THE FUSE MANUFACT-
URER'S INSTRUCTIONS

®

TO REINSTALL FUSEHOLDER

ATTACHHOT-LINE TOOL TOHAN-
DLE EYE STAND TO ONE SIDE
AND PLACE THE FUSEHOLDER
END JUST INSIDE THE HOUSING

RAPIDLY PUSH THE FUSEMOLD-
ER IN UNTIL DUST CAP SEATS
AGAINST HOUSING

PUSH DOWN ANC ROTATE THE
LOCKING HANDLE HOOKING T
OVER THE SHOULDER OF THE
HOUSING

When the bavone! operations are compieted release the
latch on the Hinged Weathercover by tiling tne cover siightly

aown

backwards Lower the cover, making sure it 1s all the way
Fig.4
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(The upper high-voltage door bolt should engage
THROUGH the hole in the Hinged Weathercover )




CLT TYPE LOADBREAK DRAWOUT FUSEHOLDER

Dust Cap Spring Contact
|
1
Mook Eye ;ZE q Fuse t_‘__‘___}D
Insulating Bayonet Contact Probe

OPERATING INSTRUCTIONS

LOADBREAK ATTACH HOT-LINE TOOL TO HOOK EYE RAPIDLY WITHDRAW FUSEHOLDER
ASSEMBLY COMPLETELY FROM HOUSING

LOADMAKE ATTACHHOT-LINE TOOL TO HOOK EYE. INSER™ END OF FUSEHOLDER UNTIL
CONTACT SPRING HAS JUST ENTERED HOUS:*  RAPIDLY PUSH ASSEMBLY
STRAIGHT INTO HOUSING UNTIL DUST CAP SE~TS AGAINST HOUSING AND
GROUNDING CLIP

TO REPLACE FUSE [ISASSEMBLE BY UNSCREWING FUSE FROM INSULATING BAYONET
AND CONTACT PROBE REPLACE BLOWN FUSE WITH NEW FUSE OF
EQUIVALENT RATING AND CHARACTERISTICS REASSEMBLE BY TIGHT-
LY SCREWING NEW FUSE ONTO INSULATING BAYONET AND CONTACT
PROBE

FIiG. 5

NX TYPE LOADBREAK DRAWOUT FUSEHOLDER

Dust Cap _ Locking
" Set Screws 1 |

E——EWP o

Contact Probe

Hook Eye

lnsuming Bayonet Sprmg Contact

2507, WARNING: | ASSEMBLE AND OPERATE FUSENOLDER PERTH

ESE INS
FAILURE TO DO SO CAN RESULT IN SEVERE INJURY, 'DEATH OR | PROPERTV DAMAGEE;

OPERATING INSTRUCTIONS

LOADBREAK ATTACH HO NE TOOL TO HOOK EYE RAPIDLY WITHDRAW FUSEHOLDER
ASSEMBLY CUMPLETELY FROM HOUSING

| LOADMAKE ATTACHHOT-LINE TOOL TO HOOK EYE. INSERT END OF FUSE-OLDER UNTIL
f CONTACT SPRING HAS JUST ENTERED HOUSING RAPIDLY PUSH ASSEMBLY
STRAIGHT INTO HOUSING UNTIL DUST CAP SEATS AGAINST HOUSING AND
GROUNDING CLIP

! TO REP_LACE FUSE DISASSEMBLE BY UNSCREWING FUSE FROM INSULATING BAYONET
| AND CONTACT PROBE REPLACE BLOWN FUSE WITH NEW FUSE OF
EQUIVALENT RATING AND CHARACTERISTICS REASSEMBLE BY TIGHT-
LY SCREWING NEW FUSE ONTO INSULATING BAYONET AND CONTACT
PROBE

FIG ¢
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CLT TYPE DEADBREAK DRAWOUT FUSEHOLDER
DE-ENERGIZED OPERATION ONLY

Dus! Cap SD’"‘Q Contact End Termunai

Hook Eye ~—u ‘\"‘ g Fuse F\ E‘D

Fuse Terminals
insulatine Bayonet

R mamgwuqonjusr 141

20 _K..

mgg_go)wuﬂe '

WARNING: ASSEMBLE AND lNSTALI. FUSE AND FUSEHOLDER PER THESE INSTRUC-
TIONS. FAILURE TO DO SO CAN RESULT IN SEVERE INJURY, DEATH OR PROPERTY
DAMAGE.

- e e et . s e e v -

TO REMOVE FUSE £TT4CH mTT-UNE TCOL TC HOOK EYE AND W'THDRAW FUSE
ROLDER STRAIGHT OUT FRONM HTUSING

TO REP_ACE FUSE DISASSEMBLE BY UNSCREWING THE FUSE FRON THE INSULATING
BAYONET REO_ACE THE BLOWNFUSE W . TH A NEW FUSE OF EQUI-
VALENT BATING AND CHARACTERISTICS REASSEME _E EV TIGHT-
LY STREWING FUSE ONTO THE INSULATING BAYONET

ATTACH HCT-LINE TOOL T HOOK EYE AND PLACE FUSEHDLDER
INTO HQUSING PUSH FUSEXOLDER INSIRMLY UNT:_ DUST CAP IS
SEATED AGAINST HOUS!ING AND GROUND CLi8

TOINSTALL FUS

m

Fig. 7

NX TYPE DEADBREAK DRAWOUT FUSEHOLDER
DE-ENERGIZED OPERATION ONLY

Dust Cap Locking Set Screws

+ i
Hook E e — ] —
e Ty
i 20 n
- I ! Fuse Terrunalis

Insulating Bavnnet Spring Contact

T P T
' omcsn;os-emmzz -THE .TRARSFORMER BEFORE REMOVING OR lnsrAuJNG‘m&"'

_DEAOBREAK DRAWOLUT FUSEMOLDER ASSEMBLY, FAILURETQ D.Q.SDJVJU..BESMJU'
- SEVERE INJURY, OEATH OR mommma&*g—am FoTm o

WARNING: ASSEMBLE AND INSTALL FUSE AND FUSEHOLDER PER THESE INSTRUC-
TIONS. FAILURE TO DO SO CAN RESULT IN SEVERE INJURY, DEATH OR PROPERTY
DAMAGE.

..... SovE Rl LTTAZH HITLLINE TCOL TC ROOK EYE ANI VOTHDRAW FUSE.
S ETRAIGHT OUT FROL =OUSING

ol gezrEl JNSTRIWING THE FUSE FRON THE INSULATING

ELVINIT SEP 22 THEBLOWNFUSEW! THANEV, FUSE S EL U

VALE HARACTERISTICS REASSEAE _EENY TIGHT-

$TC THE INSULATING BAYONET

TTOSTAL TUgE LATTAC - = ITUINE TO0L TOHOOK EYE AND FLATE FUS _-QLDE
~“CUS'NG PUS~FUSE HC-DER IN FIRNL Y ;\‘" <C.&7 Car

SELATEZ AGAINST ~DUSING ANI GROUND CL.

7
)
.n

C-52
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‘ EFD LOADBREAK DRAWOUT FUSEHOLDER

. - ’ °.
o e -
Alignment 1 < T e

Ridges

Fuseholder
Assembly

~3 7=

: n:; ' - Hook
JE L, Eye
—
4 Brass
- Screws

FROM HOUSING

EYE IS FLUSH WITH HOUS!N”,
TO REPLACE FUSE ONLYREP_L" __

RATINT. A
4 BRALS SCREWS

OPERATING INSTRUCTIONS

LOADBREAK. ATTACH HOT-LINE TOOL TO HOOK EYE RAPIDLY WITHDRAW FUSEHOLDER ASSEMBLY COMPLETELY

LOADMAKE ATTACHHOT-LINE TOOL TOHOOK EYE CAREFULLY POSITION ALIGNMENT RIDGES IN THE CORRESPOND-
ING GROOVES OF THE HOUS!NG. RAPIDLY PUSH THE ASSEMBLY INTO THE HOUSING UNTIL BASE OF HOOK

_3E WITH FUSEMOLDER WITHDRAWN FROM HOUSING. D'SASSEMBLE BY REMOV-
ING THE 2 BT 55 SCREWS AND SHROUD. REPLACE BLOWN FUSE WITH A NEW FUSE OF EQUAL
HARACTERISTICS REASSEMBLE VITHPARTS ORIENTED AS SHOWN RETIGHTEN THE

Fig. 9

This gevice comLines the highinterrupting capabilities ot a
general purpos... current-itmiting fuse with a ary-well tuse-
hotder The aeadbreak drawout 1s normally mechanically
interlockec with a loadbreak switch Once the transformers
ge-energ..ed ry operation of the I0adbreak switch. the safety
baffie may be shc to the sige. permitting access 10 the
tuseholaer

Toreplacethe tuse. foliow the instructions shown inFigs 7
anc 8

For tuther techmical information, refer 1o ABB TPL 44-837

9.2.5 Internal Partial Range Current-Limiting Fuse

The internal partial range current-limiting fuse 1s usec 1n
seres with a 10w currentinterrugpling gevice. such as a protec-
tive hnk or bavone: The partiairange tuse s designectoclear
low impegance thigh-current: ‘aulls with the expluision fuse
clearing any hiom impencance taults or overipacs When
preperh apphel the partial range fuse will onfy operate for
internai transto-mer ‘aulic Uoon operation of a partiat range
fuse 'tisrecommengecthe unit beremoved from service ang
returnec tc ine ABE Power T&D Company Inc ‘or reparr

9.3 High Vollage Switches

FWARNING WHEN DE ENERGIZING TNE TRANS—
4 FORMER, DO NOT RELY ON SWITCH POSITION OR -
' OTHER VISUAL INDICATORS. ALWAYS ASSUME -
THAT TERMINALS ARE ENERGIZT UNLESS
~ CHECKED AND GROUNDED. CONTA WITH AN -
UNGROUNDED TERMINAL CAN CAUSE t _ECTRICAL<
SHOCK, BURN OR DEATH. it: FourE LD B

9.3.1 EFD Switch

The EFD (Externally Fused Disconnect) 1s an air insulated
loadbreak switch avastable for radial feed (singie poie). A
general purpose cufrrent imiting fuse or a sohid blade 1s pro-
viged 1n the transiormer connecting pole. The switch con-
tacts are opened by drawing out the connecting pole so that
they are completely free 0" ine swilCh housing. leaving a
visible disconnect

To operate or reptace the fuse follow the instructions
shown inFig 9

9.3.2 LBOR Switch

The ABB LBOR 1s a gang-operatecd. two pesition rotary ol
switch The switch 1s operatecd by attaching a hot-hne 100! 10
the externai hook eye handle and rotating to either the “open”
or "closec” positior referto Fig 10) Circuit connections are
shown on the transtormer nameplate

Forturthertechnical information, refer1o ABB TPL 44-834

ol/—>¢C
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9.3.3 Tap Changer (Hookstick-operable) On a guat voltage switch Positon 11s the low or multipie
connected posiion whtle posiion 215 the hlgh or series
connectec positon To change the voltage position. proceec
as toilows (refer to Figure 12)

A De-energize the transtormer

B8 Back out the locking screw until it s ciear of the locking
hoie

_ Pult out on the handle until 1t will rotate

The tap change’ provides a means of changing the voltage C
ranpotatranstormer Thetranstormers are normally supphed o
E

F

Rotate the handle 10 the new positon

with an externahy operaiec mch voltage tap changer iocated
near the higr voltage busming To change taps proceec as
foilows (reter to Fig 11}

Reiease the handle

Tighten the locking screw to mimmize the possibiiity of

unintentionat movement
A De-energ:ize the transtormer

B Back out the locking screw untii it s ciear of the iocking

hole
C Turn the handie to the desirec tap position @
D Tighten the locking screw 1o mimimize the possibility ot O

unintentiona: movement roS 3

Some large-size units are furmished with a power-trans-
former tap changer arive whicrh requires putiing of a locking
pin and a tull turn of the handre for each change n tap @
position

LOCKING SCREW
Locking
~ Screw

Fig. 12

9.3.5 Arc-Strangler Fused Switch

&

Arc-Strangler fused switch 1s mounted in the high voitage
compartment The tused disconnect(s) will have NX current-
tmiting fuses Follow the McGraw Eadison (Cooper
Industnies) instructions for Operating these devices.

9.3.6 S & C Fused Switch

TAaE CmanGER
DE-ENEQG ZE TRANSFORMER
BEFCRE JPENING

VARNING: USE THE S & CLOADBUSTER TOO'I’O 3
- opemm:nunsconnecnmwnao.no.so’*‘
CAN CAUSE sevsns INJURY, DEATH OR. PROPERTYZ

Fig. 11

9.3.4 Dual Voltage Switch (Hookstick-operable) When an S & C fused switch s used. follow the manutactur-
er's instructions for operating this equipment

: m— When operated withthe S & C loadbuster 100! this disconnect

. WARNING. DE-ENEHG!ZE THE mnsromsa 85-3 functions as a loadbreak switch

» FORES OPERAT!NQ THE DUAL-VOLTAGE SWITCHT

FATLURE'TO SO DO CAN CAUSE'S sEvene'lmunv‘-—‘f‘

DEATH OR PROPERTY DAMAGE..-: 5

9.3.7 Surge Arresters

The tunction of a surge arrester 1s 10 Intercept and divert 1o
— ground various overvottage transients {such as hghtrung

x WMN'NG' WEN CHANGING VOLTAGE POS'TON" surges) which occur on the distribytion system
FUSES M2YHAVE TO BE REPLACED WITH THOSE OF

% THE PROPER RATINGS. THE USE ormmmopenui

R RATED FUSE CAN cause sevzns vmuav’*ou

The arresters must be disconnected whenever high poten-
tial or induced potential tests are made on transformers with
arresters

For turther techmical information. refer to ABB PL 44-921

C-54




9.4 Low Voltage Oil-Immersed Circuit Breaker

Tne 10w vOI1aQe Oiismmersec circunt breaker 1s designec to
Cpen the low vllage Circu.t on secongan 1aulls or e cessive
Overioads Tne1ow voitage breaner 1S NOT INtenges 1o protect
secongary 11Ow volage: Ccicui's anc connectec apparatus
(Mmeters. service entrance equipment etc ! trom thermai ang
maznetc e'tects gue t¢ snort circul! anc overtoaas Tne
Dreaner 1c primariy & protective gevice gesignec tor only

ccasiona swilZhing operatons as suchitis notintenged 1or
frequent iweenly 07 Garly switching culy The handie 1s
lccateg inthe Iow yOltage compartment anc shouiC be ope’-
ateZ witn a net-itne 100

CAUTION: WITH THE SECONDARY CIRCUIT OPEN.
THERE MAY BE SUFFICIENT COUPLING TO THE
WINDING TO CAUSE SHOCK FROM THE SECONDARY
TERMINALS. GROUND THE OPEN SECONDARY TER-
MINALS BEFORE WORKING ON THE SECONDARY
SERVICE.

Priortotranstormerinstallation reselthe breaker by open-
INg and closing it as toilows (refer to Fig 13

® Tooperthe breaker manually. rotate the handie scthat the
potnter moves from the closed tc the open pos:ton

® To close the breaker. rotate the handle past the open
poOSION (10 rese! the breaxer} then back through the open
pos:ition to the ¢losec posiion

1t a tault or excessive overload exists the breaker will trip
ou! ever though the handie 1s helg 10 the ciosed position

Follow:ng atreaker tripout dueto alongterm overioad. the
transtormer ou may not have hac time to coo! sutficiently to
aliow tne breake- Iatch ¢ be set. making it 1impossibie to
reciose the breane- immeag:ately

CAUTION: AN EMERGENCY CONTROL HANDLE IS
PROVIDED TO RECALIBRATE THE BREAKER TO A
HIGHER TRIP TEMPERATURE. THIS HANDLE
SHOULD BE USED ONLY WHEN ABSOLUTELY
NECESSARY AND FOR AS SHORT A DURATION AS
POSSIBLE. BECAUSE ITS USE CAN CAUSE A SIGNIF-
ICANT REDUCTION IN TRANSFORMER LIFE.

Tne breaxer Ca~ perecahirrated 10 the emercsnCy position
by removing the meter sea' a1C rotatng the ermergency con-
tro ha~gie CloCkwise TC resel the Hreaner 10 1S previous
seiing relurr the emergency contro mandle 1o the orrainal
oosition s recommencel thal a new sea' be apphed 1o the
nNatdie wnes s relgrties 1 Ihe notma’l pasiticr tC avoid
nac.enen! operatid” ¢t the emerger oy CINIV0!

Emergency
Control
Hanadle

Fig. 13
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9.5 Pressure Relief Device

Tne stangarc pressure rete! gevice locatec on the tank
above the hquiC leve. rehieves excessive intena tane pres-
SJre ancg reseals a' a lower posStive pressare The pressure
rehe! device 1S manualiy operates by grasor iz theeng-cac (or
ring f provigedi anc stowiv puoung tne cap away trem tne
tank ynti! pressure s reaevec

9.6 Thermometer

When supphec athermometer ingicates the Licuid tempera-
ture near the 10D 0f the tank The temperature sensilive ele-
mentis mountecin aleakproo! wel! permitting removat ofthe
thermometer without lowering the IquiC leve: The gevice Is
furnishec with an agditional pointer. rec 1N color. 10 show the
nignest temperature aitainec since 1as: rese!

9.7 Liquid Level Gauge

When supplied. 8 hquic level gauge 1€ located in the low
volitage compartmen: to ingicaté tne vaniation fror the 25
gegree C hquia level

9.8 Pressure-Vacuum Gauge

whensupplied apressure gaugesiocaled nthelowvoltage
compartment above the bushings inthe air space The gauge
indicates whether the gas space in the tank 1s unger positive
0’ negative pressure

9.9 Nameplate

A nameplate 1S supclhiez or each transformer accorcing to
ANSI stangard C57 12 00-1960 Sectior £ 12 Reter to the
namepiaie tor transtormer ratings anc "> Proper conneclions
of the transformer 10 the svstem NI 'nte-nal conneztions
should be mage insi0e the transformer other thar those
shown on the nameplate

10.0 MAINTENANCE

A periodic visua!l Inspection O' the transtormer 1s recom-
menges Atsuchtimes. trhe generz congition of the totiowing
shoulc be notec

A. High voliage bushings

Low voltage buchings

Arresters (1f proviged:

Enclosure integrity (hin@es. locking provisions, corro-
sion etc)

Evigence of o1l leaxage

Grounc connections

Accessories

Satety labels

Transtormer Lt

oO0Om

- I nm

_— - et e

‘ WARNING: WHEN BROKEN PARTS, LEAKING OIL OR
[ OTHER POTENTIALLY HAZARDOUS CONDITIONS
ARE OBSERVED. REMOVE THE TRANSFORMER FROM
SERVICE UNTIL REPAIRS CAN BE COMPLETED.
FAILURE TO DO SO CAN CAUSE SEVERE iN' RY,

DEATH OR PROPERTY DAMAGE.
be o eanr e e } D —_

Where 1anks - dw evigence o' rusting or deterio' . or of
the fimgh tney ma, be cieanec ancthenretouthec with pamnt
a-atiable for tha! purpose Whner pare meta 1S exposed. a
prtmer shoulc rninhally pe acphed then retpuching pamnt
apphec
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A periodic cneck 0'tneoac snould be made toensure that 11.0 REPAIR
the 1ranstormer s Nt berng SUbIeCted 10 excessive overload
Pianneg ove'xoadmc shoulc Der accorgance with the ANSI
Lcacing Guige [ Z3T 91

Jhen agZing o 12 the 1ranstormer the owne’ shoulc take
the necessary precactions sc tna! PCb contaminatior s not
ntroauced

It 15 the responsibility 0f the owner to Inspect, maintan
ang keep the transtormer ir gOOC repair

Report al! fatiures guning the warranty pericg to your ABB
Saes Othice Al'warrantv repairs must ne mace by ABE oran
acprovec service faciiily

To assure proper operation, use onty ASBB approvec

Wnenever repiacemen' r£ans 0r nformalon rezarding replacement pans
existing transtormers are recuirec COMPLETE NAME- i
P_ATE gatainciucing KVArating STYLENUMBER SERIAL It 1s recommengdec that the owner limit repairs 10 replacing
NUMEBER ancaDESleFTJQNQ‘me parisnoulc be civenlto bromen parts uniess the owner has weli-trainec repatr
ABE ) personne!

Some internat parts can be replacec without completely
araining the tank In such cases. only the fiuic necessary tc
expOse the part shouiC be graineC There may aiso be occa-
sions when compiete araining of the transtormer tank wili be
necessary

The core and coil assembply can be repaireg or replaces by
ABB personnei at either the tactory or atan authorizec repair
taziity Reter 10 Service Policy 46-315 tor getails. or contact
tne ABE Power T&D Company inc

DISCLAIMER OF WARRANTIES
AND LIMITATION OF LIABILITY

THERE ARE NO UNDERSTANDINGS, AGREEMENTS. REPRESENTATIONS OR WARRANTIES. EXPRESS OR IMPLIED.
INCLUDING WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. OTHER THAN
THOSE SPECIFICALLY SET OUT BY ANY EXISTING CONTRACT BETWEEN THE PARTIES. ANY SUCH CONTRACT
STATES THE ENTIRE OBLIGATION OF SELLER. THE CONTENTS OF THIS DOCUMENT SHALL NOT BECOME PART
OF OR MODIFY ANY PRIOR OR EXISTING AGREEMENT. COMMITMENT OR RELATIONSHIP.

The informalion. recommendations. descriptions and salety notations in this document are based on ABB's experience
andjudgment with respect to transtormers. THIS INFORMATION SHOULD NOT BE CONSIDERED TO BE ALL INCLUSIVE
OR COVERING ALL CONTINGENCIES.

NO WARRANTIES. EXPRESS OR IMPLIED., INCLUDING WARRANTIES OF FITNESS FORA PARTICULAR PURPOSE
ORMERCHANTABILITY. OR WARRANTIES ARISING FROM COURSE OF DEALING OR USAGE OF TRADE. ARE MADE
REGARDING THE INFORMATION, RECOMMENDATIONS. DESCRIPTIONS AND SAFETY NOTATIONS CONTAINED
HEREIN Innoevent will ABB be responsibie to the user in contract, intort (including negligence). strict fliability or otherwise
for any special. indirect, incidental or consequential damage or 10ss whatsoever including but not hmited to damage to or loss
ofuse of equipment_ piant or power system, cost of capital, loss of profits or revenues. cost of replacement power. additional
expenses In the use of existing power tacilities, or claims against the user by its customers resulting from the use of the
information. recommendations. descniptions and satety notations contained herein.

ABB Power T&D Company Inc. . Gones -tk
Unaergroung Distripution Transiormers C‘SO TAB65ICHC !
Jetterson City MO €510 May, 1991
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DISTRIBUTION QUESTIONNAIRE
The Naval Clvil Engineering Laboratory is revising its primary distribution lists.

SUBJECT CATEGORIES |

SHORE FACILITIES 3D Alternate energy source (geothermal power, photovoltaic
1A Construction methods and materials (including corrosion power systems, solar systems, wind systems, energy
control, coatings) storage systems)
18 Wateriront structures (maintenance/deterioration control) 3E Site data and systems integration (energy resource data,
1C Utilities (including power conditioning) integrating energy systems)
1D Explosives safety 3F EMCS design
1E Aviation Engineering Test Facilities 4 ENVIRONMENTAL PROTECTION
1F Fire prevention and controt 4A Solid waste management
1G Antenna technoiogy 4B Hazardousftoxic materials management
1H Structural analysis and design (including numerical and 4C Waterwaste management and sanitary engineering
computer techniques) 40 Ol poliution removal and recovery
1J Protective construction (including hardened shelters, shock 4E A poliution
and vibration studies) 4F Noise abatement
1K 3oilrock mechanics 5§ OCEAN ENGINEERING
1L Airfields and pavements 5A Seafloor soils and foundations
1M Physical security 5B Seatfloor construction systems and operations (including
2 ADVANCED BASE AND AMPHIBIOUS FACILITIES diver and manipuiator tools)
2A Base facilities (including shelters, power generation, water 5C Undersea structures and materiais
supplies) 5D Anchors and moorings
28 Expedient roads/airfields/bridges 5E Undersea power systems, electromechanical cables, ang
2C Over-the-beach operations (including breakwaters, wave connectors
forces) 5F Pressure vessel facilities
2D POL storage, transfer, and distribution 5G Physical environment (including site surveying)
2E Polar engineering 5H Ocean-based concrete structures
3 ENERGY/POWER GENERATION SJ Hyperbaric chambers
3A Thermal conservation (thermal engineering of buildings, 5K Undersea cable dynamics
HVAC systems, energy loss measurement, power ARMY FEAP
generation) BDG Shore Facilities
3B Controls and electrical conservation (electrical systems, NRG Energy
energy monitoring and control systems) ENV Environmental/Naturai Responses
3C Fuel flexibility (liquid fueis, coal utilization, energy from solid MGT Management
waste) PRR Pavements/Railroads

TYPES OF DOCUMENTS

D - Techdata Sheets; R = Technical Reports and Technical Notes; G = NCEL Guides and Abstracts; | = Index to TDS; U = User
Guides; (O None - remove my name

Old Address: New Address:

Telephone No.: Telephone No.:




INSTRUCTIONS

The Naval Civil Engineering Laboratory has revised its primary distribution lists. To help us verity

our records and update our data base, please do the following:
. Add - circle number on list
. Remove my name from all your lists - check box on list.

. Change my address - line out incorrect line and write in correction
(DO NOT REMOVE LABEL).

. Number of copies should be entered after the title of the subject categories
you select.

. Are we sending you the comrect type of document? If not, circle the type(s) of
document(s) you want to receive listed on the back of this card.

Fold on line, staple, and drop in mail.

DEPARTMENT OF THE NAVY
Naval Civil Engineering Laboratory

560 Laboratory Drive
Port Hueneme CA 93043-4328

Official Business
Penaity for Private Use, $300

BUSINESS REPLY CARD

FIRST CLASS PERMIT NO. 12503 WASH D.C.

POSTAGE WILL BE PAID BY ADDRESSEE

COMMANDING OFFICER

CODE L34

560 LABORATORY DRIVE

NAVAL CIVIL ENGINEERING LABORATORY
PORT HUENEME CA 93043-4328

NQ POSTAGE
NECESSARY
IF MAILED
IN THE
UNITED STATES




NCEL DOCUMENT EVALUATION

You are number one with us; how do we rate with you?

We at NCEL want to provide you our customer the best possible reports but we need your help. Therefore, | ask you
to please take the time from your busy schedule to fill out this questionnaire. Your response will assist us in providing
the best reports possible for our users. | wish to thank you in advance for your assistance. | assure you that the
information you provide will help us to be more responsive to your future needs.

S L .

R. N. STORER, Ph.D, P.E.

Technical Director
DOCUMENT NO. TITLE OF DOCUMENT:
Date: Respondent Organization :
Name: Activity Code:
Phone: Grade/Rank:
Category (please check).
Sponsor User Proponent Other (Specify)

Please answer on your behalf only; not on your organization's. Please check (use an X) only the block that most closely
describes your attitude or feeling toward that statement:

SA Strongly Agree A Agree O Neutral D Disagree SD Strongly Disagree
SA ANDSD SAANDSD
1. The technical quality of the report () () () () ()|6. Theconclusionsand recommenda- () () () () ()
is comparable to most of my other tions are clear and directly sup-
sources of technical information. ported by the contents of the
report.
2. The report will make significant )OO0 0
improvements in the cost and or 7. The graphics, tables, and photo- OO OO0
performance of my operation. graphs are well done.
3. The report acknowledges related OO0O0O0
work accomplished by others. Do you wish to continue getting I N
NCEL reports? YES NO
4. The report is well formatted. O0000

' . Please add any comments (e.g., in what ways can we
5. The report is clearly written. 0 O O O O | improve the quality of our reports?) on the back of this
form.
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